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Dr. John R. Low, Jr., B.S., Purdue; 
D.Sce., Carnegie Tech (1943), 
served on the faculty at Pennsyl- 
vania State Univ. before coming 
to General Electric in 1948 as 
head of metallurgy research at 
the Knolls Atomic Power Labora- 
tory. In 1953 he joined the staff 
of the General Electric Research 
Laboratory, where he is a mem- 
ber of the Alloy Studies Section. 


Searching for safer metals 


Dr. J. R. Low, Jr., of the General Electric Research Laboratory, 
provides theories to explain the fracture of materials 


A history of wintertime tragedies involving broken 
ships, collapsed bridges, and ruptured pipelines testi- 
fies to the importance of understanding why metals 
break as they do. Dr. J. R. Low, Jr., of the General 
Electric Research Laboratory, began his attack on the 
problem of low-temperature fracture by looking for 
the very first evidences of cracks in a stressed-metal 
sample. He found that tiny breaks — microcracks — 
actually are present in the grains of the metal well 
before catastrophic failure occurs. 

Recently, Dr. Low has been able to assemble the 
known facts about fracture into a consistent theory 
and thus has provided a mathematical relationship 
between the grain size and the brittleness of metals. 


Dr. Low’s work is being applied to making better 
and safer metals — and also to the development of 
ceramics, where a reduction in brittleness at both high 
and low temperatures could mean a revolution in 
materials for tomorrow. 

At General Electric, such research is motivated by 
a belief that providing scientists with the tools, the 
incentives, and the freedom to seek out new knowledge 
is the first step toward progress for everyone. 
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Tue fuel propellant of the future may prove to be an inor- 
ganic material, with metallic properties, capable of releasing 
tremendous heat burning capacity. Such an inorganometallic 
will likely contain a compound of lithium. For lithium offers 
uniquely valuable properties . . . properties that aid in con- 
tributing an unusually high power-to-weight ratio so neces- 
sary for military missiles and rockets. 


Lithium, for example, combines low density with high heat of 
combustion to give a much sought after ratio of extraordi- 
nary chemical energy per unit of weight. On this score alone 
it proves of inestimable value. 


Will these properties improve your product? 


... low density ... high flash point 

... high heat capacity ... easily cut with a knife 

... high heat of fusion ... ductile, can be extruded and rolled 

... chemically reactive ...readily melted or cast 

... low melting point’... lighter than magnesium or aluminum 
...can be dispersed in suitable media 


Consult our PR&D department on your use-research problems. Up-to-date 
Product Data Sheets plus laboratory quantities of lithium metal, metal dis- 
persions, metal derivatives and salts are yours for the asking. 


LITHIUM CORPORATION 
OF AMERICA, INC. 


2699 RAND TOWER, MINNEAPOLIS 2, MINN. 


PROCESSORS OF LITHIUM METAL+ METAL DISPERSIONS - METAL DERIVA- BRANCH SALES OFFICES: New York Pittsburgh « Chicago » MINES: Keystone, 
TIVES: Amide « Hydride « Nitride « SALTS: Bromide - Carbonate « Chloride « Custer, Hill City, South Dakotas Bessemer City, North Carolina» Cat Lake, 
Hydroxide « SPECIAL COMPOUNDS: Aluminate « Borate « Borosilicate « Cobaltite e Manitoba « Amos Area, Quebec PLANTS: St. Louis Park, Minnesota « Bessemer 
« Manganite « Molybdate « Silicate « Titanate « Zirconate » Zirconium Silicate City, North Carolina» RESEARCH LABORATORY: St. Louis Park, Minn, 
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ROTARY WATER 
BATH SHAKER 


e Variable speed 
range 85 to 
285 osc. per min. 


e Temperature 
range 30°C. to 
100°C. + .5° 


e Available for 
shaking various 
size flasks. 


A shaking appara- 
tus that is ex- 
tremely useful for 
cultivating micro- 
organisms under conditions of aeration and with 
more precise temperature control than is possible 
in an incubator. It is particularly valuable in ob- 
taining bacterial growth curves. 


Detailed information available upon request 


PRECISION LABORATORY APPARATUS 
P. 0. BOX 606 + NEW BRUNSWICK, N. J. 
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“THE VERSATILE DESICCANT” 


For All Drying Operations 


Institution-Industry  Laboratory-Plant 


Efficient — Dries all organic liquids instantly in liquid or vapor 
phase. Gases retain only 0.005 mg. HzO per liter. 

Versatile — An all-purpose desiccant. 

Non-Wetting — Does not become wet on saturation, nor crystal- 
lize to walls of tubes, towers, or desiccators. 

Neutral —Dries without reacting with either acid or alkaline 
materials. 

Inert — Except toward water. Does not decompose, polymerize, 
or catalyze organic substances by contact. Insoluble in organic 
liquids. 

Regenerative — Repeatedly after any normal use, by dehy- 
dration at 200 to 225°C. 

Economical — Lowest priced high grade desiccant. Available in 
quantity for industrial processes. 


REFERENCES 


(1) Ind. & Eng. Chem. 25-653 (June, 1933 

(2) Ind. & Eng. Chem. goed (Oct., 1933) 

(3) of Standards Journal of Research 12-241 (Feb., 
Granule Sizes: 2, 4, 6, 8 10-20, and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Co. 


120 Dayton Avenue, XENIA, OHIO 


For fluorometric analyses, assay 

and identification of chemical con- 
stituents...in the 

ULTRAVIOLET, VISIBLE 

and INFRARED REGIONS 


THE FARRAND* 


The Farrand Spectrofluorometer is designed affords great sensitivity and response even 


FOR MANUAL OPERATION, FOR RECORDING 
OR FOR OSCILLOSCOPE PRESENTATION 


for determining the optimum wavelength when using capillary or micro volumes of | 
for activating Organic Compounds and the _ highly diluted solutions. 


optimum wavelength for measuring their 
emitted fluorescence spectra. 


It is not of a console-type construction, and 
therefore can be serviced readily without dis- 


The instrument is simple to operate, and the mantling. 
efficiency of the optical and detector system 


FOCI. 


Electronic and 
Scientific Instruments 


BULLETIN NO. 820 UPON REQUEST 


= Precision Optics BRONX BLVD. & EAST 238th STREET 


NEW YORK 70, NEW YORK 
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A RESEARCH TOOL for the centrifugal 
purification and molecular-weight determina- 
tion of such macromolecules as proteins, 
viruses, polymers, enzymes, hormones, and 
chemical precipitates; the Spinco Model E 
Ultracentrifuge combines all operations in a 


single cabinet. 


“OPERATING FEATURES include a 


70,000-rpm quiet electric drive designed for 
years of service and arranged for easy removal 
and exchange; a selection of analytical and 
preparative rotors which are interchangeable 
and provide forces up to 260,000 times grav- 
ity operating in a heavily-armored vacuum 
rotor chamber; an optical system of the 
Philpott-Svensson refractive-index type with 
viewing screen, automatic camera, and high- 


intensity light source for analytical work; a 


refrigerating system for keeping ro- 


tors at controlled temperatures; and 
vacuum pumps which provide atmos- 


pheres down to 10“ mm of mercury. 


CONTROLS AND INSTRUMENTS 


are included to maintain average drive- 
speed accuracy automatically within 0.1 
per cent of setting; to set operation of 
automatic camera both for exposure and 
photo-interval; to read rotor tempera- 
tures; to select one of three graded brak- 
ing rates; to read motor voltage and 
current; to read vacuum; and to actuate 
the camera manually. Interlocks are pro- 
vided to insure safe operation by indi- 


viduals without extensive training. 


Send for 
complete details. 


BECKMAN INSTRUMENTS, INC. 


BELMONT 5, CALIFORNIA 
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PLANT PROPAGATION 


By John P. Mahlstede and Ernest S$. Haber, both of Iowa 
State College. A fresh and authoritative coverage of the 
basic principles and practical aspects involved in the in- 
crease of plant numbers. The book clearly outlines the fun- 
damentals that control success or failure in plant propaga- 


tion. The subject matter is arranged and discussed to reflect 
recent developments in plant propagation, physiology, mor- 
phology, and anatomy, ensuring a satisfactory foundation 
for more advanced study. 1957. Approx. 435 pages. Prob. 
$7.50. 


HETEROCYCLIC COMPOUNDS, Vols. V and VI 


Edited by Robert C. Elderfield, University of Michigan. 
This continuing series sets’ forth the chemical principles 
involved in the syntheses and reactions of the various 
compounds included. 


Volume V: Five-Membered Heterocycles Containing 


Two Hetero Atoms and Their Benzo Derivatives. 1957. Ap- 
prox. 746 pages. Prob. $20.00. 


Volume VI: Six-Membered Heterocycles Containing Two 
Hetero Atoms and Their Benzo Derivatives. 1957, Approx. 
740 pages. Prob. $21.00. 


ON HUMAN COMMUN ICATION, A Review, a Survey, and a Criticism 


By Colin Cherry, University of London. Consists of a 
series of clearly written essays which attempt to review 
recent trends in the study of human communication. It dis- 
cusses the growth of modern interest in the relationships 
existing between such communication sciences as: linguis- 


tics, cybernetics, psychology, semantics, and phonetics. The 
approach cuts across a very wide field of the literature. 
Consequently, the work emerges as a comprehensive ‘source 
book’ of references, citations, and definitions. A Technol- 
ogy Press Book, M.I.T. 1957. 333 pages. Prob. $5.75. 


BIOCHEMICAL INDIVI DUALITY, The Basis for the Genetotrophic Concept 


By Roger J. Williams, University of Texas. The first 
work to collect the available information on inter-individ- 
ual variability. Many aspects are dealt with — enzyme 
levels, endocrine activities, and nutritional needs among 
them. As well as defining the present state of knowledge 
of biochemical and physiological individuality, the book 


points to areas where more research is needed. The author 
shows how some critical problems may be solved — food 
and drug idiosyncrasies, for example, are often explainable 
on the basis of biochemical variations. 1957. 214 pages. 
$5.75: 


ABSTRACTS OF THE LITERATURE ON SEMICONDUCTING AND 
LUMINESCENT MATERIALS AND THEIR APPLICATIONS, 1955 Issue 


Compiled by the Battelle Memorial Institute and Spon- 
sored by The Electrochemical Society, Inc. A collation — 
drawn largely from the abstract journals — of those 
literature references to semiconducting and luminescent 


materials and their applications which have appeared 
throughout the world in the period, January 1-December 
31, 1955. A publication in The Electrochemical Society 
Abstract Series. 1957. In press. 


BOTANY, An Introduction to Plant Science, 2nd Ed. 


By the late W. W. Robbins; and T. Elliot Weier and C. 
Ralph Stocking; all of the University of California, 
Davis. A distinctly modernized version of an outstanding 
introductory text in the field of botany. The new edition 
covers both descriptive and experimental phases and is 


designed for both majors and non-majors. No chapter has 
escaped some rewriting. New chapters and new illustrations 
(several in 4 colors) have been included. New editions of 
the laboratory manual and teachers’ guide are also avail- 
able. 1957. Approx. 450 pages. Prob. $6.50. 


Send for examination copies. 
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Governmental Indemnity 


The development by private industry of economically competitive atomic 
power plants requires a certain state of confidence as well as of technology. 
Despite an impressive published safety record both in this country and 
abroad, the possibility of a catastrophic accident remains. Measured in dol- 
lars and cents, admittedly an inadequate index at times, the fear of this 
possibility is sufficient to discourage private investment, for if such an acci- 
dent did occur, the cost in damages to the general public might well put 
the company or companies involved out of business. 

Other investments have their risks, with businessmen ordinarily able to 
share that risk with other investors on the basis of the laws of chance, each 
investor paying a premium now to insure that later he will not be subjected 
to a greater loss. The big insurance companies believe that by pooling their 
interests they will be able to offer substantial coverage to the operators of 
atomic power plants and the manufacturers of atomic equipment. Testi- 
mony last spring before the Joint Committee on Atomic Energy put the 
sum that the insurance companies could pay out for a given accident 
between $50 and $65 million, which is about 5 times more than the highest 
liability policy previously issued. 

Impressive as is the response by the insurance companies, it still does not 
solve the problem unique to atomic power. Other testimony before the 
committee revealed that if a reactor failure occurs in which fission products 
escape from containment structures into the atmosphere, the resulting cost 
in radioactive contamination to the neighboring areas and in radiation 
injury to persons might be considerably higher than the protection afforded 
by the insurance companies. For example, Willard F. Libby estimated that 
the worst of all possible disasters in a 100,000-thermal-kilowatt reactor 
might cost in property damage alone from $50 to $200 million. Of course, 
the great size of this figure, and the possible radiation injury to persons, 
must be balanced against the probability, which Libby called “vanishingly 
small,” that this awful event will take place. 

One way to encourage the private development of an atomic energy 
industry is for the Federal Government to assume part of the risk. A bill 
prepared by the committee and introduced in the Senate last June by 


_ Clinton P. Anderson (S. 4112) and in the House by Melvin Price (H.R. 


12050) provides until 1 August 1966 for a measure of governmental in- 
demnity. In return for a reasonable charge, the United States will agree 
to pay up to $500 million for damages above the amount covered by private 
insurance, with the cost of any additional damages to be handled by special 
legislation. 

Some people have strong convictions concerning where to draw the line 
between governmental interference in private enterprise and governmental 
action in the interest of the general welfare and national security. But if 
there are to be atomic power plants, an experimental spirit is necessary 
here as well as in such matters as reactor design. In our opinion, the bill 
now on the calendar has been offered, and should be enacted into law, in 
that spirit—J. T. 
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(Left to right) Dr. John Bardeen*, Dr. William Shockley* and Dr. Walter H. Brattain, shown at Bell Telephone 
Laboratories in 1948 with apparatus used in the early investigations which led to the invention of the transistor. 
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Bell Telephone Laboratories Salutes Three 


New Nobel Prize Winners 


Drs. John Bardeen, Walter H. Brattain and William Shockley 


are honored for accomplishments at the Laboratories 


The 1956 Nobel Prize in Physics has 
been awarded to the three inventors of 
the transistor, for “investigations on 
semiconductors and the discovery of the 
transistor effect.” 


They made their revolutionary con- 
tribution to electronics while working at 
Bell Telephone Laboratories in Murray 
Hill, N. J. Discovery of the transistor was 
announced in 1948. Bell Laboratories is 
proud to have been able to provide the 
environment for this great achievement. 


*Dr. Bardeen is now with the University of Ilinois, and Dr. Shockley is with the 


This is the second Nobel Prize 
awarded to Bell Telephone Laboratories 
scientists. In 1937 Dr. C. J. Davisson 
shared a Nobel Prize for his discovery 
of electron diffraction. 


Such achievements reflect honor on 
all the scientists and engineers who work 
at Bell Telephone Laboratories. These 
men, doing research and development 
in a wide variety of fields, are contribut- 
ing every day to the improvement of 
communications in America. 


Shockley Semiconductor Laboratory of Beckman Instruments, Inc., Calif. 


Bell Telephone Laboratories 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Professional Collaboration 


It is my purpose in this paper to ex- 
amine some of the responsibilities and 
opportunities of the professions, particu- 
larly those of medical men and scien- 
tists in these days of great hazard and 
promise. 

A fascinating future surely lies before 
us, provided that we can escape certain 
perils, arid the most heartening potenti- 
alities lie in the field of medicine and 
in the sciences adjacent to it. The time 
is coming when the practice of medicine 
will rest securely upon a firm scientific 
foundation, upon a systematic under- 
standing of the life-processes in all their 
complexity, and no longer upon the in- 
secure and shifting basis which partially 
‘supports it today, with clear understand- 
ing in part, but with a great mass of un- 
coordinated, empirical data necessarily 
«s the main reliance. 

The full integration may not come in 
our lifetime; indeed, in the light of the 
enormous complexity of living organ- 
isms, its consummation may require 
more than the mere compilation of ex- 
perimental facts and the orderly mar- 
shaling of them under working hypothe- 
ses, the method which has been successful 
in the far less arduous task of interpret- 
ing the mechanical aspects of the nature 
of the physical world. There may be re- 
quired new methods of thought, novel 
ways of recording and transmitting the 
accumulated experience of the race, 
ways as yet unconceived of bringing to 


Dr. Bush retired at the beginning of last year 
from the presidency of the Carnegie Institution of 
Washington. He now maintains an office at Massa- 
chusetts Institute of Technology. This article is 
based on the 11th Martin memorial lecture, which 
was delivered 8 Oct. 1956 before the meeting of 
the clinical congress of the American College of 
Surgeons in San Francisco, Calif. Thé lecture is 
being printed simultaneously in the Bulletin of 
the American College of Surgeons. 
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bear on complex problems the interre- 
lated efforts of diverse minds. We may 
witness new devices as powerful, versa- 
tile, and rapid as digital computers in 
the realm of computation and analysis, 
but capable of interrelating and ordering 
masses of primary and inexact observa- 
tions into meaningful arrays. There may 
be means for communicating the knowl- 
edge of a group which will render obso- 
lete the cumbersome writing of papers 
and the chaotic task of storing and con- 
sulting them. Certainly we will see the 
day—perhaps we should have already— 
when the public lecture is fully obsolete. 

The marks of progress are all about 
us. The biological sciences are moving 
forward on a broad front and at an ac- 
celerated pace. In the next decade the 
flood of accumulated basic knowledge 
may produce applications of startling 
moment, much as the accumulated fun- 
damental knowledge in physics recently 
led to an understanding and manipu- 
lation of the atom, the transmutation 
of elements, and controllable atomic 
energy. 

Genetics some 10 years ago turned 
from the higher organisms to more ele- 
mentary ones, expecting to find there 
simplicity in the beginnings of genetic 
systems, and found instead an amazing 
early complexity. But, with the more 
plastic material, experimentation has 
proceéded at a breath-taking pace. Chro- 
matography, the use of tracer elements, 
and michrochemical processes are sort- 
ing out many an old puzzle in biochem- 
istry. The involved system by which bac- 
teria synthesize the amino acids is fall- 
ing into line, and some day we shall 
understand more of how these building 
blocks are assembled into proteins. The 
amazing skill of organic chemists pro- 
duces for us not only duplicates of vita- 


mins or hormones, but also derivatives 
and analogs of these, and we understand 
the first chapter of how an antibiotic 
may operate, or why a vitamin is essen- 
tial as the building block for an enzyme. 
The chemistry of muscle action is not 
nearly as mysterious as it was; at least 
we know something of the source of 
energy and something of the process by 
which chemical bonding and shortening 
are interrelated. In photosynthesis it ap- 
pears that we are, at last, on the verge 
of producing the essential chemical ac- 
tion in vitro, with chlorophyll and its 
associated protein isolated intact for our 
study. 

We could readily extend the list of 
recent accomplishments. But there is 
vastly more to be done. We are, for in- 
stance, very far from understanding why 
one substance, with a molecular weight 
in the millions, may be beneficial, while 
another, differing only slightly, may in- 
terrupt essential life-processes. The world 
is still full of mystery, and it will be long 
before we understand much, even when 
we limit ourselves to the mere mechan- 
ism of life and do not approach that 
greatest mystery of all: that we, as con- 
scious beings, are capable of pondering 
it all. 

As we view how far we have come 
and glimpse the great vistas before us, 
we know that this is an exciting time in 
which to live and that stirring adventure 
beckons. There is accomplishment to be 
made that will render life more pleasant 
and we hope more fruitful, that will lift 
the burdens which man’s shoulders have 
borne since he first dominated the earth 
and banish the pain and harassment that 
have always been his lot. For we now 
know that, given time and wisdom, the 
ills of man may be conquered, even 
those ills of his mind which have forever 
dragged him down. All this can be done 
if we escape our perils and continue on 
the bright path we have recently trod. 

And what are these perils? First is 
the threat of war, appalling war that 
would be fast and terrible, in which 
H-bombs would destroy cities at a blow, 
in which hundreds of millions would be 
killed and maimed in an insane fury 
that would leave the whole world, bel- 
ligerent and neutral alike, a devastated 
desert. 

This is not the only peril. The Com- 
munist Manifesto, which declares, “They 
openly declare that their ends can be 
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attained only by the forcible overthrow 
of all existing social conditions,” is still 
the charter of a powerful oligarchy that 
holds great nations in thrall. Political 
murder, enslavement, and conspiracy 
against neighbors did not end when 
Stalin was vilified. The advancing tide of 
Soviet domination, engulfing weak states 
by force or stealth, seems to have been 
momentarily halted, but it will again 
creep forward unless we are alert. 

Nor is our democratic system safe 
without the eternal vigilance that is diffi- 
cult to sustain in prosperous times. When 
all goes well, as it does today, citizens 
are prone to forget that a determined, in- 
formed public opinion is our only guar- 
antee that the liberties won by our fath- 
ers will not be whittled away. We have 
the highest standard of living the world 
has ever seen. We have nearly full em- 
ployment, many benefits that ameliorate 
the lot of the unfortunate, safeguards 
against the cruelties of nature, and some 
safeguards against the evil deeds of men. 
But can we hold on this high plateau, 
continue to provide liberally for those in 
distress, and, particularly, can we con- 
tinue our insatiable national appetite for 
luxury, without forcing ourselves again 
into inflation? 


Characteristics of a Profession 


Whether we escape the perils and con- 
tinue on the bright path to a happier 
life depends on whether we, as a people, 
think wisely and well. Not the acts of 
legislatures, not the pronouncements of 
courts, determine our future; these are 
transitory and can change. The great 
swelling voice of the mass opinion of the 
citizens of this republic, incoherent and 
discordant, erratic and superficial as it 
sometimes is, and rising to heights of 
sound judgment at rare intervals, maps 
out the road that all public servants ulti- 
mately follow. 

This public opinion is not formed by 
the radio and the press or even by those 
who control these media. It is formed by 
that minute fraction of the population 
which thinks and speaks, by that small 
but powerful minority, disagreeing on 
every issue, arguing and ridiculing, which 
looks beyond the diversion of the mo- 
ment and influences because it labors to 
understand. The members of the minor- 
ity are in every station of life—in busi- 
ness, in labor organizations, and on the 
farm. They speak in every circle. The 
most significant group of those who 
think well is in the professions, for it is 
their prerogative, their duty, to think for 
their fellows within the limits of their 
diverse specialties, and they instinctively 
approach every question by attempting 
to understand it, for this is the way in 
which they gained admission to their 
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privileged status. On the professions, 
then, rests much of the burden of guid- 
ing this country of ours on its strange 
but hopeful way. 

What is a profession? What are the 
characteristics by which it is distin- 
guished from other groupings or types 
of organization? 

First and foremost, its members are 
the possessors and custodians of a special 
field of knowledge, acquired by long, 
assiduous study, and they are respected 
and accorded privileges because of that 
fact. 

Second, it is a loose grouping of indi- 
viduals rather than a pyramidal organi- 
zation. In nature we find two types of 
organization, the integrated society, ex- 
emplified by the ant, and the associative 
society, illustrated by the flock of birds 
in migration. Both forms have been suc- 
cessful in evolution throughout the wide 
range over which organisms combine. 
Both forms are found among human 
institutions, The profession, most de- 
cidedly, belongs in the second category. 
This is not negatived by the fact that 
many professional men are members of 
other types of organization and, for ex- 
ample, derive their income in the form 
of salary rather than of fees, although 
the true status of some professions is 
threatened a bit by the trend in this 
direction. Whether a man can be an em- 
ployee, and at the same time a truly pro- 
fessional man, depends on whether he 
can maintain his individuality and his 
relative independence, and many can. 
The true profession, however, is a vol- 
untary binding together of independent 
members, deriving none of their suste- 
nance from the association, utterly un- 
controlled in their thoughts and actions 
as long as they remain within the law 


and within the code of the association 


itself. 

Third, every profession has, to some 
degree, a symbolism and a ritual of its 
own. There is not so much of this in re- 
cent times, for many procedures which 
were once impressive are so no longer, 
because we have become more mature 
perhaps, or at least more skeptical. 

Fourth, there is often, especially in 
the older professions, a means for main- 
taining standards and for disciplining 
those who violate a code, usually backed 
up by the civil law. Something of the 
sort is essential, for every profession is 
surrounded by charlatans, and, human 
nature being what it is, special privileges 
are bound to be abused. Of course these 
controls have been used at times to limit 
the professional privilege to the elect and 
hold down the numbers of those who 
enjoy the franchise, but this is certainly 
not a prominent feature today. On the 
other hand, the formalism and rigidity 
of control does seriously hinder the man 
who would enter the profession by an un- 


conventional path, no matter how intelli- 
gent and devoted he may be, and it 
tends also toward an undesirable uni- 
formity and standardization. 

But the primary characteristic of a 
profession has not yet been mentioned. 
Without it, no group, no matter how 
scholarly it may be, no association, no 
matter what the titles of its members, 
no assembly of striking individuals, no 
matter what may be the depth of their 
culture, is truly entitled to the proud 
name of profession. From the earliest 
times, this primary characteristic has 
been the hallmark of professional men 
when such men have lived up to their 
high ideals. The members of a profession 
minister to the people. The word con- 
notes more than service. To minister im- 
plies no servility, no apology, no inferi- 
ority. On the contrary, members of a 
profession minister with dignity; they 
demand the respect due to their skill and 
devotion; they do not merely advise, they 
insist upon being heard; they do not sub- 
mit their opinions for the judgment of 
the layman who is their client, no mat- 
ter how powerful he may be; they in- 
sist that they have his confidence and 
that, in their special field, their opinion 
shall control, or that the client turn else- 
where. They recognize that he may need 
to join their findings with factors outside 
their special field in coming to decisions. 
They refrain, if they are wise, from any 
appearance of speaking with authority 
except in the area of their own compe- 
tence. But within their proper scope, 
modest men though they may be, they 
advise and guide with pride, and with 
the insistence that the ancient art which 
they represent be received with the re- 
spect which is its due. And, when they 
minister to the weak and humble, they 
do so with kindness, bringing to the un- 
fortunate, whether their ills are spiritual 
or physical, whether their misfortune re- 
sults from the rigors of nature or the 
cruelty of man, that most heartening of 
support, a strong and able ally and friend 
on whom to lean. All this it means to 
minister. As long as members of our pro- 
fessions live up to their birthright, this 
will be the shibboieth that strengthens 
the bond among them. 

There is a corollary characteristic. 
The true members of a profession detach 
themselves from the mad scramble after 
this world’s goods. This does not mean, 
as it once so often did, that they abjure 
the fine things of life and retire into a 
monastery. In order to function with full 
effectiveness, a professional man needs 
a competence, that he may live in rea- 
sonable and proper manner, as befits his 
station and his mission. But when a man 
in the professions makes riches his pri- 
mary goal, he ceases to belong to the 
profession in a true sense. The greatest 
exemplification of this corollary charac- 
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teristic lies among the humble members 
of religious groups—the devoted parish 
priest, the preacher whose flock, with 
their sorely troubled minds, is his pri- 
mary concern, and to whom wealth, or 
even a proper income, has no meaning in 
the light of his devotion. 

But this article is concerned prin- 
cipally with other professions, for re- 
ligion stands by itself and should not be 
subjected to the analysis which applies 
eisewhere. And there are plenty of ex- 
amples in other fields. The teacher, and 
there are many, who cannot be lured by 
any salary attraction to less satisfying 
fields from the joy he finds in aiding the 
development of young minds is all about 
us, and in fact we would be in a sorry 
plight without him. The lawyer who 
takes special satisfaction in protecting 
the indigent and the misunderstood, 
sometimes at the peril of his reputation, 
is known to all of us. The able and de- 
voted country physician on his weary 
rounds needs no emphasis on his char- 
acter. 


Privileges 


‘We speak of the privileges of the pro- 
fessions, and it is well to examine their 
basis and practice briefly. There are fitst 
the legal privileges, set up to protect the 
public against charlatans and salesmen 
of false service, and very necessary for 
the purpose: admission to the bar, the 
registration of engineers who deal di- 
rectly with the public, and the license to 
practice. Systems, tests, and certification 
are essential whenever the choice of ad- 
visers is directly exercised by individuals, 
and we certainly, in this country, do not 
wish to replace this free choice by some 
form of bureaucratic assignment. In gen- 
eral, our procedures for public protection 
work well, even though they are occa- 
sionally viewed as a means for protect- 
ing the members of the profession them- 
selves rather than the people they serve. 

Let me, in all frankness, speak of this 
for a moment. Every profession, in order 
to function in a modern environment, is 
surrounded and supported by auxiliary 
groups, the technicians and semiprofes- 
sional groups who are the hewers of 
wood and drawers of water, but whose 
performance is nevertheless fully impor- 
tant to sound over-all results. These 
groups are not always treated with gen- 
erosity and wisdom by the professions 
they serve. I might choose my examples 
from various fields—from the teaching 
profession where arbitrary linking of 
promotion and academic degrees is 
often carried to absurd extremes, from 
research laboratories where the skilled 
instrument maker who makes a result 
possible is given a curt nod rather than 
the recognition he has earned. Artificial 
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barriers are foreign to our democratic 
philosophy, and they are gradually dis- 
appearing. Even in the military profes- 
sion, an enlisted man occasionally be- 
comes a general, and such examples, 
while rare, accomplish much in the im- 
provement of morale throughout the 
organization. 

It seems to me, as I view it from a 
distance, that the medical profession has 
much yet to learn before it is fully in step 
with the trend in this regard. Is the 
skilled technician who makes himself 
master of an intricate procedure, who is 
scholarly and wise, and who can, per- 
haps, manipulate tagged iodine for the 
thyroid better than the one who origi- 
nally conceived the method, nevertheless, 
doomed to remain permanently in an 
inferior status, merely because his path 
to understanding was unconventional? Is 
the nurse of superior judgment and de- 
votion accorded the full professional 
recognition that her caliber warrants? T 
know an accomplished archeologist, an 
eminent astronomer, and a number of 
outstanding engineers who never took a 
degree in course, but I do not know an 
eminent medical man who rose through 
a fully unconventional route. Ah, one 
says, but the system for protecting the 
public has to be far more effective in 
the medical field than elsewhere. I agree. 
But it does not have to be rigid and 
arbitrary in order to be effective; in fact, 
the two seldom go together. 

I suppose we always need somewhat 
more positive limitations on designation 
of those who are entitled to prescribe 
or operate directly for fees. But I do 
wish that there were carefully guarded 
side entrances to the chosen circle as well 
as the well-marked front door. And, 
more to the point, I wish that the pro- 
fession had more adroit ways of admit- 
ting to full acceptance, as special col- 
leagues, those who excel in serving it 
well, I wish, also, that I could detect a 
trend toward passing on to auxiliary 
groups as much as possible of respon- 
sibility and of elevating activity, for the 
medical system is not one group but a 
number of interrelated ones, and_ its 
health is dependent on the morale 
throughout them. 

The greatest privilege which a pro- 
fession enjoys is not the prerogative con- 
ferred by law but the respect accorded 
its members by a grateful public, and, 
when’ a profession becomes intricately 
organized in the modern sense, it is es- 
sential that this unique privilege be 
shared throughout the groups involved 
in order to foster the pride and loyalty 
which alone can maintain the discipline 
and smooth interrelation needed for 
satisfactory performance. It is also es- 
sential, it seems to me, that there be no 
rigid caste system based on birth or 
youthful path of education, in which in- 


dividual status is absolutely controlled 
until death, but a more fluid situation 
in which there are no barriers that can- 
not be surmounted by intelligence and 
hard work. 


Responsibilities 


What of the responsibilities of the pro- 
fessions, which accompany the privilege? 
We have already considered the primary 
responsibility, to serve well, to minister 
to the public with dignity and skill, in 
the fields which are their several do- 
mains. To this we have added another 
responsibility, secondary to the first, but 
of equal significance, the responsibility 
to lead their fellows in their considera- 
tion of public questions and in the in- 
tricacies of their daily lives. Upon the 
wisdom of those who thus lead, wherever 
they may be placed, whatever the com- 
petence which causes their associates to 
turn to them when puzzled, depends the 
safety of this country in a hazardous and 
promising world. There is a duty inher- 
ent upon those who can talk well to do 
so, and to make their thoughts known, 
to differ widely upon every question, 
with faith that an informed public opin- 
ion can resolve differences reasonably. 

For the professional man, this often 
presents a quandary; it is sometimes dif- 
ficult for him to speak without his hear- 
ers’ being given the impression that he 
regards his eminence in one field as con- 
ferring upon him a special status in all 
fields. In fact we see, occasionally, the 
man of the physical sciences who speaks 
ex cathedra on politics or economics, 
and who thus debases the currency of 
those who would express honest opinions 
as laymen in problems where every citi- 
zen is entitled to participate and none 
is entitled to arbitrary judgment. But 
our complex modern affairs need more 
analysis by thoughtful men, and wide 
disagreement of opinion on public ques- 
tions, outside of the professional field, 
is not inconsistent with the presentation 
of reassuring unanimity on well-accepted 
doctrine within it. 

There is another responsibility of any 
profession, and this brings us back to my 
original theme. This is to enhance and 
extend the knowledge and understanding 
on which the professional practice of the 
profession is based. In the case of medi- 
cine, this means the profound task of 
understanding life, its origins, its chem- 
ical and physical processes, and its mani- 
festations in man in his whole range of 
mental and physical ills and health. 

The subject is too vast for any one in- 
dividual or any one group; the skills and 
instrumentation from diverse fields are 
essential for progress. And all this calls 
for more and more effective collabora- 
tion between the medical profession and 
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the scientific profession, especially that 
part of the scientific profession whose 
subject matter is adjacent to medicine. 
I feel that such collaboration is today 
lacking or faulty in too many instances, 
and I am anxious to determine, if I can, 
the reasons for this situation. 

There are areas where good collabora- 
tion occurs, of course. In industry, in the 
pharmaceutical field in particular, I have 
the impression that medical men and 
scientists understand one another pretty 
well and work together reasonably ef- 
fectively for common ends. Then too 
one can point to isolated cases where 
there is effective attack on problems by 
joint effort, because two individuals hap- 
pen to speak the same language and sup- 
plement one another’s skills smoothly. 
But there is not enough of it. I cannot 
think of many cases in which a physicist, 
for example, of top caliber and a med- 
ical man of equal status have jointly at- 
tained an important result that would 
have been inaccessible to either alone, 
and where the collaboration has been 
on a basis of full equality and under- 
standing. And I believe this is be- 
cause there are certain artificial barriers 
present which could readily be broken 
down. 


Development of Collaboration 
during World War II 


Let me examine a somewhat parallel 
situation, At the beginning of World War 
II there was almost complete lack of 
collaboration between scientists and mili- 
tary men. True, there were governmental 
laboratories where both types were pres- 
ent, but usually there was a gulf between 
them. True also, there were scientists 
and engineers in industry who worked 
closely with military men, but the rela- 
tionship here was often that of purchas- 
ing agent and salesman rather than pro- 
fessional. There was generally a com- 
plete lack of understanding and an aura 
of myth and prejudice. 

Military men thought of scientists as 
long-haired visionaries, with no compre- 
hension of the tough practicalities of life 
in general and certainly not of war. They 
felt, and here they were right, that few 
scientists had the slightest conception of 
what is involved in military leadership, 
of the rugged indoctrination that enables 
a good officer to hold terrified men to- 
gether, striving toward a common goal, 
in the face of disaster, horror, wounds, 
and sudden death. They felt, and here 
they were wrong, that scientists were 
generally prima donnas and softies who 
could not take it. Moreover, they felt 
sure that the art of war had matured, 
that technical change could come only 
gradually and in detail, and hence that 
scientists had nothing real to contribute, 
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and moreover that they spoke a language 
which no normal human being could 
possibily comprehend or would wish to. 

Of course, there were exceptions. 
There were Army and Navy officers who 
were excellent engineers and who had, 
as every really competent engineer must 
have, an understanding of the trends 
in the sciences on which engineering 
progress is based. But the main body of 
opinion was the other way. Early in the 
war a major general, whom I will be 
careful not to identify, but who headed 
a very important branch of the service, 
told me in no uncertain terms that re- 
search on weapons during a war was 
absurd, for no weapon developed during 
a war ever came into use before its ter- 
mination. And an admiral asserted forc- 
ibly, and in writing for that matter, that 
the Navy had the submarine situation 
entirely under control and wished no 
suggestion from those who could not 
possibly coniprehend its problems. Offi- 
cers were generally polite, but courtesy 
usually connoted a feeling on their part 
that there was nothing to be gained by 
any less formal relationship. 

And scientists, only too generally, 
thought of military men as dodos, who 
insisted on fighting every war with the 
weapons of the previous one, who re- 
sisted and resented innovations that 
would cause them to alter the ingrained 
habits and conceptions of a lifetime. Un- 
fortunately, there was often something of 
truth in the concept. They regarded 
military men as caste conscious, with a 
tightly knit set of social conventions. 
They also felt that one could not col- 
laborate with a military man, that all 
one could do would be to lay naked be- 
fore him the fruit of his labors, for him 
to judge, without explanation and with- 
out appeal, from his unique position as 
the only professional man who under- 
stood war. 

The relationship between medical men 
in uniform and out was, of course, mark- 
edly different. For many medical officers 
were professional medical men first and 
foremost, and many medical men in 
civilian life understood fully the prob- 
lems of medicine in the services. But I 
have been considering the relationship 
on new weapons rather than on military 
medicine, and on this there was a yawn- 
ing chasm and an almost complete lack 
of collaboration of any sort. 

Yet, before the end of the conflict, the 
whole art of war had been completely 
transformed, because of the advent of 
spectacular new weapons: guided mis- 
siles, proximity fuses, radar, target-seek- 
ing torpedoes, recoilless guns, rockets, ap- 
pallingly effective gases which fortunately 
did not come into use, and the A-bomb. 
Moreover, there had developed a gen- 
uine partnership between military men, 
on the one hand, and scientists and 


engineers, on the other. Mutual under- 
standing and respect appeared. Close 
friendships developed. Many officers ac- 
quired a remarkable understanding of 
new technical developments. Many civil- 
ians became adept in the subtle aspects 
of the art of war. There was teamwork 
of the highest order, and out of it 
evolved a new concept of national con- 
flict. The course of joint development 
has proceeded since the war, somewhat 
haltingly at times, but with continuing 
momentum, until it has now resulted in a 
situation which is entirely new in the 
world, and in which all great war is ab- 
surd and obsolete, an unmitigated dis- 
ease which must be avoided by all 
means, for it would be fatal to civiliza- 
tion, rather than the last resort of diplo- 
macy, to be indulged in when the risks 
appear justified. 

Why was there this extraordinary 
transformation in the relations between 
two professional groups? Primarily be- 
cause there was a war on, and men sup- 
pressed their prejudices and their pref- 
erences in the general national fervor 
and in the determination to serve well 
in a time of common peril. But the two 
groups, thus forcibly brought together, 
discovered that many of their prejudices 
and judgments were based on myth. 
And each group found, in the other, un- 
suspected qualities of character which 
they could wholeheartedly admire, The 
transformation occurred here, and in a 
parallel manner in Britain, because these 
were democracies, where gulfs of caste 
or pride were readily bridged. It did not 
occur in the Germany of Hitler or the 
Japan of military domination, for the 
highest type of partnership is impossible 
in the atmosphere of totalitarianism. 
And this is one very cogent reason why 
Germany and Japan lost the war. 


Barrier to Collaboration 


Now I am not going to present a de- 
tailed analogy between this relationship 
I have reviewed and the present rela- 
tionship between medical men and sci- 
entists. Some of the aspects have their 
parallels, which you can readily recog- 
nize, and some most. decidedly do not. 
But I do wish to point out one or two 
factors in the present situation to which 
we may direct attention, I believe to 
advantage, even although in so doing I 
may move close to the edge of that un- 
forgivable social sin of criticizing one’s 
host, for I do not believe we are going 
to make much progress in bringing the 
professions closer together unless we ex- 
amine frankly some of the structural 
features of the barrier that separates 
them. 

I dismiss at once the allegation that 
surgeons are too high-hatted to work 
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with, that traces of compensation re- 
main from the days when they were 
joined with the barbers and shunned by 
gentlemen. Some of the same allegations 
are made regarding engineers, of whom 
I am one, for the engineer deals with 
costs, and the minds of true scientists 
are above such mundane matters. I dis- 
miss these allegations as false at the out- 
set so that they will not cloud our analy- 
sis. I know I am right regarding sur- 
geons, for I have worked with many of 
them, and although I have found the 
same distribution of idiosyncracies that 
occurs in the general population, I have 
yet to find one wearing a tall hat. 

Medical men, generally, feel that sci- 
entists do not understand the motiva- 
tions, tensions, and inner emotions of a 
medical career, and they are generally 
right. Scientists have never walked the 
wards. There is a vast difference be- 
tween deciding upon the contents of a 
syringe, upon which may hang the life 
of an accomplished and valuable patient, 
and deciding upon the contents of a test 
tube, upon which no more depends than 
the fate of a pet theory. There is a har- 
rowing difference between looking at the 
position of a needle on a dial and look- 
ing into the eyes of a dying child. There 
is an essential distinction between the 
care of a patient and the treatment’ of 
a diseaSe. Certainly few scientists have 
grasped the full import of these differ- 
ences. But they can learn. 

Medical men, generally, feel that sci- 
entists do not understand that the prac- 
tice of medicine is, and must long re- 
main, essentially an art, to which science 
can sometimes contribute, but which it 
can by no means at present supplant. 
They feel that scientists insist on pro- 
ceeding logically point by point, pinning 
down one concept completely before pro- 
ceeding to the next, working slowly 
toward a distant goal with little thought 
of applications on the way, whereas 
medicine must continuously do the best 
it can with what it has at hand, even 
though its processes are often admittedly 
unscientific and even crude. They feel 
that scientists do not appreciate this 
need for art, that they are contemptuous 
of all that does not conform to their 
own standards of rigor, and that they 
would therefore place obstacles in the 
road toward empirical but necessary ad- 
vance. 

To turn to the other side for a mo- 
ment, scientists generally feel that, when 
a medical man and a layman are joined 
in an endeavor there will be no partner- 
ship in reality, but that the medical man 
will either dominate the combination or 
break it up. They feel that if the scien- 
tist tries to collaborate he will soon be 
reduced to the status of technician, and 
that, if results appear, they will inevit- 
ably become attributed to the member 
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of the group who alone is privileged to 
deal directly with the essential ultimate 
subject matter, human life. They feel 
that the medical man is afraid to admit 
ignorance, even when justified, and that 
he tends to protect himself by over- 
assertion. 

Now let me assert at once that in re- 
gard to this preconception, and the others 
that I have just treated for that matter, 
there are many exceptions, many in each 
profession who understand and appreci- 
ate the opposite profession fully. But I 
am dealing in generalities, and, in this 
sense, there is unfortunately a real basis 
for the feeling which I find among scien- 
tists rather generally. And it is not, after 
all, too surprising to find this true. The 
medical man, if he is worth his salt, and 
by reason of his training and experience, 
is prone to assert himself. If he enters a 
home where there is a sudden critical 
illness, he must portray calm and confi- 
dence, however he may feel inwardly. 
If he enters upon a hazardous operation, 
he must insist that every move in the 
operating room be centered about and 
responsive to his personal needs and de- 
cisions. 

And this is the aspect of medical char- 
acteristics which the layman usually sees. 
He does not see the small conference be- 
tween medical men on a tough case, 
where there is full discussion and give 
and take, where the opinion of the most 
junior member is treated with respect if 
he can support it ably, where there is no 
organization, and no one is boss, even 
although one man alone may be called 
upon to resolve the discussion and render 
the final decision. Still, and to be fully 
frank, I believe there is a bit of real 
basis for the feeling that, where a medi- 
cal man is joined with other professions, 
he instinctively tends to take over. 

The essence of collaboration is the sup- 
pression of all instinct toward the estab- 
lishment of a pecking order—in fact the 
enjoyment of any social grouping what- 
ever depends intimately on the complete 
absence thereof. In relations between 
professional men there is no such crude 
and elemental concept involved. But, 
since its presence or absence is so deter- 
mining in our judgment of human rela- 
tions, even the remote suggestion that a 
sublimed form may be present destroys 
the effectiveness of collaboration, for col- 
laboration means the substitution of a 
group objective, voluntarily accepted, for 
the individual objectives of the mem- 
bers. 


Breaking the Barrier 


I could gn on and try to examine a 
few more structural members in the bar- 
rier. But what do we do about it? 

In the first place, let us record that 


there are individual members of every 
profession who will never collaborate 
with anyone under any circumstances. 
Let them depart in peace; their day is 
nearly done. The time is over when a 
Leonardo da Vinci could comprehend 
all of known art and science. We are also 
past the day when men of genius could 
retire to a cubicle, exclude all, and 
emerge with an intellectual feat of sci- 
entific reasoning before which all would 
bow in humble admiration. Even in the 
remotest corners of extreme specializa- 
tion, where isolated contributions spring- 
ing full grown from a master mind are 
still possible, the most notable advances 
are made under conditions where mind 
works on mind and where credit for pri- 
mary initiation is sometimes hard to as- 
sign. The man of genius still is the most 
important element in the whole array, 
and upon his excellence most of progress 
depends, but if he does not know how 
to collaborate or is too selfish or timid 
to do so, we can safely forget him. 

We cannot order collaboration. This 
is not a dictatorship. Moreover, while 
shotgun marriages sometimes turn out 
surprisingly well, shotgun collaboration 
is a contradiction in terms. And no 
amount of artificial organization, no joint 
institutes, or combined reviewing com- 
mittees, or joint directors, will come 
within the squirting range of a syringe of 
getting at the heart of the matter. 

I have only one prescription, and I 
cannot write even this one in Latin. The 
professions fail to understand one an- 
other sufficiently; let us attempt to bring 
them together. We do not have the im- 
pulse of war to force men into contact, 
and hence it will take long to produce a 
detectable improvement in relations by 
this means, Yet I see no other path. 

Now I do not mean more joint pro- 
fessional meetings; not that! If they oc- 
cur I would expect them to widen the 
gulf more completely. Nor do I have in 
mind lectures by a member of one pro- 
fession for the edification of another. I 
am skeptical of the value of all lectures. 
I would hope that we might approach, 
much more nearly than any such artifices 
as those, the core of the dilemma. And 
that resides in the misconceptions which 
each profession has in regard to the 
other. 

If I were speaking to a group of phys- 
icists, I would have a suggestion to 
make. I believe it would help a bit if 
medical men, those who do not already 
understand it, were given an exemplifica- 
tion of scientific research in action and 
at its best. I am far from advocating in 
this connection more popularization of 
science, or more interpretation of science 
in one field for those in neighboring 
fields, although such steps have merit. I 
wonder if one could reconstruct the meet- 
ing in 1939 at which the news of a cru- 
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cial experiment and the ideas of Frisch 
and Meitner were communicated to a 
group of physicists, and from which 
meeting emerged the concept of atomic 
fission, to be confirmed by experiment in 
three laboratories within 48 hours. 

I fear it would be difficult to recap- 
ture the genuine atmosphere, the give 
and take between earnest men, the ten- 
tative hypothesis which collapsed on a 
sentence, the subtle grasping of relation- 
ships which were hardly expressed, the 
symbolism which crammed into a yard of 
blackboard the concentrated essence of a 
generation of mathematics, the mount- 
ing tension as revolutionary concepts be- 
came clearly formulated and accepted. 
Something of the sort might be done, 
and I believe there is many a medical 
man who, if he participated thoroughly 
in such an affair, even on a much less 
ambitious plane, would learn something 
worth while about how the scientific 
mind really operates, and what is the 
method of scientific collaboration at its 
best. 

I suggest, also, that it would help to 
join a scientist occasionally in serious, 
responsible discussion of a case, typical 
or otherwise, of kidney malfunction, or 
metabolic disorder, or whatever, along 
with the physician in charge and the staff 
members. At times the fresh approach, 
unhampered by tradition and in spite of 
ignorance, will come up with a clarify- 
ing comment under such circumstances. 
And, in the process, the scientist will 
grasp more fully the central importance 
of art in what you do, and the contribu- 
tive nature of science. He will appreciate 
the fundamental difference between the 
analysis of a disease and the forced ex- 
plicit treatment of a specific case. 

Thus there can be a closer approach 
by each group to the mental processes 
of the other. But I would go further than 


this, even though some feel that I may 
be naive in my approach to a very subtle 
problem. Men do not learn to under- 
stand one another merely by sharing in- 
tellectual experiences, They must meet 
on an emotional level if the foundation 
is to be built for collaboration on a high 
plane. 

Scientists do not understand the true 
life of a medical man. With notable ex- 
ceptions, this is certainly true. Yet all 
good scientists learn with facility, or else 
are simply scientists emeriti, Give them 
a taste of the medical life in its starkest 
rigor. I remember keenly one of my boy- 
hood experiences, when I accompanied a 
country doctor through a poverty-stricken 
hospital. I remember also a conversation 
with a great friend and an eminent 
banker, whose maid had been injured by 
an automobile, and who had just seen 
the midnight scene in an emergency 
room for the first time, and whose ad- 
miration for the young internes was a 
joy to witness. I remember also being 
conducted through a ward, suitably at- 
tired so as not to embarrass the patients, 
with a young surgeon, and watching the 
devotion in the eyes of a humble woman 
for whom he had built a new face. 

Pick a few outstanding and human sci- 
entists and give them such experience, 
and they will grasp a part of the world 
of man’s experience which they have 
never known, I do not mean witnessing 
an operation, where the interest is mainly 
technical. I mean an introduction to that 
inner sanctum, where the true heart of 
medicine throbs strongly, that sanctum 
which is securely guarded against the 
cynicism of selfish men, and against the 
ribald comments of those to whom noth- 
ing is sacred. Indoctrinate well and test, 
communicate the password, and guide. 
From true scientists the response, while 
silent, will be all that you hope. 


Chemical Aspects 


of Enzyme Inhibition 


The subject of enzyme inhibition has 
come to the forefront in recent years be- 
cause it offers the chemist the opportu- 
nity to study the nature of the active site 
and the mechanism of enzyme acticn. To 
the physiologist, it affords a technique 
for studying the functioning and coupling 
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of enzyme systems within living cells and 
tissues. In its application to insecticides, 
herbicides, antimicrobial agents, and 
drugs, the concept of enzyme inhibition 
has not only proved fruitful but has pro- 
vided a rationale for future developments 
in these areas, Although this article deals 


Now, what about this queer notion on 
the part of scientists, that medical men 
tend to try to dominate any small group 
brought together for collaboration. Here 
I do not know enough about the medical 
profession to prescribe, although I know 
quite a lot about some medical men. The 
ones I have become well acquainted with 
are entirely free of the fault. Perhaps 
there is no basis for the rumor. So I will 
have to leave the treatment of this ill, if 
indeed the symptoms are real and have 
not been misinterpreted, to medical men. 
It may call for properly proportioned 
psychiatric treatment; I am sure it is no 
case for surgery. It may be that it merely 
needs to be given a name and relegated 
to the category of rare diseases for which 
there is no cure but which are not of 
great social moment. Medical men will 
know. I merely mention that I have 
heard the allegation. 

There are other ways, worth-while no 
doubt, in which the professions may be 
brought to a better understanding of one 
another. It is not necessary that they be 
brought to a full understanding of one 
another’s subject matter; that would be 
impossible. For, if they grasp one an- 
other’s mores and traditions, methods of 
thought, deep convictions, and motiva- 
tions, there will be no further need to 
stimulate collaboration of the highest 
sort. It will occur automatically. And 
from it will result a surge forward on 
that complex task of understanding life, 
where the skill of all professional groups 
will be strained to the utmost, a new ac- 
complishment which will place a firmer 
foundation under the keystone of that 
honorable profession to which medical 
men belong, ministry to the people. May 
that ministry always be conducted with 
pride and dignity. And may the grati- 
tude of humble men always remain the 
primary compensation and reward. 


primarily with the chemical aspects of 
inhibition, major applications to medi- 
cine are discussed in which the biological 
effects of chemical compounds can be in- 
terpreted in terms of inhibition of par- 
ticular enzyme systems. 

Ever since the discovery of enzymes, it 
has been known that they are highly 
labile molecules which can be readily 
poisoned by a variety of agents. Modern 
developments date from 1928, when 
Quastel and Wooldridge (1) demon- 
strated the inhibition of succinic dehy- 
drogenase by malonate and its reversal 
by excess succinate. The phenomenon of 
competitive inhibition was almost for- 


The author is professor of biochemistry and 
head of the department of biology at Massachu- 
setts Institute of Technology. This article is based 
on a paper presented at a symposium on antien- 
zymes that was held 29 Dec. 1956 during the AAAS 
New York meeting. 
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gotten until Woods (2) showed that the 
bacteriostatic action of sulfanilamide 
could be reversed by its structural ana- 
log, p-aminobenzoic acid. He proposed 
the concept that this vitamin was a nec- 
essary component of an essential enzyme 
system which could be displaced by the 
sulfa drugs. Since that time, the field of 
antivitamins, antimetabolites, and anti- 
enzymes has developed rapidly, and the 
mechanism of enzyme inhibition has be- 
come much better understood. 

The foundation of our knowledge of 
the mechanism of enzyme inhibition was 
laid by Michaelis and Menten in 1913 
(3). They proposed that in an enzyme- 
catalyzed reaction the enzyme first com- 
bines chemically with its substrate to 
form an enzyme-substrate compound 
(ES), which in turn decomposes to re- 
lease enzyme end products. In much the 
same manner, an inhibitor can combine 
with an enzyme to form an inactive en- 
zyme-inhibitor compound (EI). In the 
case of catalase (Fig. 1) and certain 
other enzymes, the reversible formation 
of ES and EI can be demonstrated by 
changes in absorption in appropriate re- 
gions of the spectrum. Although enzyme 
inhibition may be reversible upon re- 
moval of the inhibitor, numerous ex- 
amples of partial or no reactivation can 
be cited. 


Mechanism of Inhibition in vitro 


Although many enzymes are simple 
proteins, most require the presence of a 
coenzyme or metal, or both, for activity. 
An inhibitor might interfere with the 
catalyzed reaction in several ways (sce 
Fig. 2): (i) by complexing with the sub- 
strate and thereby eliminating it; (ii) by 
combining with the protein-active groups 
(those that combine with substrate); 
(iii) by uniting with the catalytically 
inert part of the protein; (iv) by com- 
bining with a cofactor such as coenzyme 
or metal; (v) by reacting with the en- 
zyme-substrate compound; and (vi) by 
a combination of the afore-mentioned 
ways. 

In an interpretation of how an in- 
hibitor may act on an enzyme system, an 
examination of the kinetics of the cata- 
lyzed reaction in the presence of in- 
hibitor is invaluable. Variables such as 
pH, temperature, and inhibitor concen- 
tration may provide important clues, but 
most important is a study of the effects 
of substrate concentration on the in- 
hibited system (Fig. 3). 

Competitive inhibition. Enzymes are 
not completely specific, and they activate 
a family of related compounds. If the 
relationship is fairly close but not inti- 
mate enough for the compound to un- 
dergo reaction, then such a substance 
may act as a competitive inhibitor by 
combining reversibly with the active site 
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CATALASE 
300F CATALASE 
H202 
= 
CATALASE -CYANIDE 
340 380 420 460 
Amp 
Fig. 1. Absorption in the violet region of 


the spectrum of catalase, catalase-peroxide 
compound (ES), and catalase-cyanide 
(EI) compound (34). 


of the enzyme. In a similar way, an in- 
hibitor that bears a structural resem- 
blance to the coenzyme may displace it 
from the protein surface and thereby 
interfere with catalysis. Since an in- 
hibitor of this type competes directly 
with the substrate for the active groups 
of the enzyme, the ratio of substrate to 
inhibitor is the critical factor determin- 
ing the extent of inhibition. When this 
ratio is high (see Fig. 3), the rate of the 
inhibited reaction approaches that of the 
uninhibited one. 

In a system involving competitive in- 
hibition, the relationship between the 
enzymic fractional activity «@, the in- 
hibitor concentration J, and the substrate 
concentration S$ is 

a , Kr 

where Ks is the dissociation constant of 
the enzyme-substrate compound (ES) 
and Ky is the dissociation constant of the 
enzyme-inhibitor compound (EI). A 
plot of this relationship (Fig. 4) enables 
one to measure directly the dissociation 
constants of ES and EI and also makes 
it possible to distinguish between com- 
petitive and other types of inhibition. 

Noncompetitive inhibition. A noncom- 
petitive inhibitor combines with the en- 
zyme at a site other than the active one. 
Hence, the affinity of the enzyme for sub- 
strate is not altered, and no amount of 
substrate will reverse this type of inhibi- 
tion (see Figs. 3 and 4). Since noncom- 
petitive inhibition is independent of sub- 
strate concentration, the dissociation con- 
stant Ki of the enzyme-inhibitor complex 
is given by the equation 


I. 
From a plot of experimental data such 
as that presented in Fig. 4, it is possible 
not only to distinguish between competi- 
tive and noncompetitive inhibition, but 


also to calculate in both cases the dis- 
sociation constants of enzyme-inhibitor 
compounds. Because it is not possible to 
predict the type of inhibition character- 
istic of a particular enzyme-inhibitor sys- 
tem, a careful investigation will usually 
require the measurement of inhibition 
at several inhibitor and substrate con- 
centrations. In view of the fact that a 
noncompetitive inhibitor may induce ex- 
tensive changes in the enzyme molecule, 
this type of inhibition is often irre- 
versible. 

Uncompetitive and other types of in- 
hibition. In uncompetitive inhibition, the 
inhibitor combines not with the enzyme 
but with the enzyme-substrate compound 
to form an IES complex. As is the case 
of competitive inhibition, the apparent 
dissociation constant of ES is decreased, 
but, unlike the situation characteristic of 
competitive inhibition, the maximum 
velocity at high substrate concentration 
is also decreased (see Fig. 5). Although 
uncompetitive inhibition is not com- 
monly encountered, it, nevertheless, is 
important for certain enzyme-inhibitor 
systems. 

A given inhibitor may be simultane- 
ously effective by different mechanisms. 
For example, it might combine with a 
free active site, or a site that is already 
occupied by substrate, or with a group 
removed from or adjacent to the active 
site of the enzyme molecule (4). In ad- 
dition, inhibitors may act in nonspecific 
ways by bringing about irreversible inac- 
tivation by protein denaturation, hy- 
drolysis, or oxidation. Changes in pH 
may inhibit enzyme reactions by their 
effects on the substrate or by altering the 
ionization of the active groups of the en- 
zyme. Furthermore, pH changes may 
modify the effects of an inhibitor on an 
enzyme (#4). 


SUBSTRATE 
APOE NZ YME COENZYME 
(PROTEIN) OR METAL 
PRODUCTS 


+ 
FREE ENZYME 


ENZYME- SUBSTRATE 
COMPLEX 


Fig. 2. Schematic diagram illustrating the 
pathway of many enzyme-catalyzed reac- 
tions. For some enzymes, the step involv- 
ing the combination with coenzymes or 
activating metal is not required (modified 
from McElroy, 35). 
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Inhibition Analysis of the 
Enzymatically Active Site 


The architecture, composition, and 
properties of the groups on the enzyme 
molecule primarily responsive for ca- 
talysis have been elucidated by the use 
of inhibitors. Unfortunately, many of the 
group reagents are not completely spe- 
cific; hence, the most reliable conclu- 
sions on the role of a particular group 
in the enzyme are based on inhibition 
studies with more than one reagent. The 
use of such compounds has made it pos- 
sible to distinguish between the active 
site and that part of the protein which 
plays a passive role in catalysis as a car- 
rier of the prosthetic group. 

Primary amino groups. The signifi- 
cance of amino groups in determining 
enzyme activity has been investigated by 
inhibition studies employing reagents for 
amino groups of proteins, Unfortunately, 
most reagents are not completely specific 
and react with other groups such as 
sulfhydryl and phenol. Most commonly 
employed reagents for amino groups in- 
clude ketene, acetic anhydride, phenyl 
isocyanate, nitrous acid, dinitrofluoroben- 
zene, and formaldehyde. The roles of the 
amino groups of lysine vary strikingly; 
these groups are not essential for enzyme 
activity of pepsin, B-amylase, trypsin, 
and chymotrypsin, but they are required 
for a-amylase and alkaline phosphatase 
(5-7). 

Carboxyl groups. Infermation on the 
role of carboxyl groups of aspartic and 
glutamic acids in the active site is frag- 
mentary because of the difficulty of 
chemical reactions with carboxyl groups 
under mild conditions. Esterification with 
methyl alcohol or 1,2-epoxides suggests 
the importance of carboxyl groups in ovo- 
mucoid and crotoxin. On the other hand, 
the C terminal groups are not essential 
for the enzymatic activity of chymo- 
trypsin (7, 8). 

Phenolic groups. Acylating agents and 
nitrous acid react more rapidly with 
amino than with phenolic groups. Iodine 
reacts primarily with phenolic groups but 
also with imidazole and indole. In cer- 
tain enzymes in which tyrosyl groups are 
exposed, they may be oxidized by tyro- 
sinase, which is specific for phenolic 
groups (9). By the use of different re- 
agents, the conclusion has been reached 
that free phenolic groups are required for 
activity of B-amylase, pepsin, chymotryp- 
sin, phosphatase, thrombin, and inver- 
tase, but not required for trypsin and 
certain other enzymes (6, 7, 9). 

Indole groups. The lack of inhibitors 
specific for indole groups of proteins ren- 
ders difficult the assessment of the role 
of tryptophan in enzymes. Under certain 
conditions, iodine and formaldehyde re- 
act with indole groups of proteins. Per- 
oxidase is capable of inactivating such 
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enzymes as chymotrypsin, invertase, and 
B-amylase (9, 10), and this inhibition 
appears to be the result of the oxidation 
of indole groups. 

Imidazole. The extensive investigations 
of the mechanism of action of nerve 
gases including tetra-alkyl pyrophos- 
phates, dialkyl p-nitrophenyl phosphates, 
and dialkyl fluorophosphates have re- 
vealed that these compounds are power- 
ful irreversible inhibitors of esterases, in- 
cluding proteases. It appears that these 
inhibitors phosphorylate a basic group 
in the esteratic site of the enzyme (/1, 
12). At first it was suggested that serine 
residues were involved in the reaction 
with nerve gases, but more recent work 
implicates imidazole groups. The inhibi- 
tion of certain enzymes by mustard gas, 
nitrogen mustards, and diazonium com- 
pounds may be due to their reaction with 
imidazole as well as with other groups. 

Sulfhydryl-disulfide. Of all the groups 
on the enzyme molecule, the sulfur of 
cystine or cysteine has been most exten- 
sively studied and appears to be of utmost 
importance in enzyme-catalyzed reac- 
tions. Perhaps one reason for the excel- 
lent information available is the wide 
choice of inhibitors. Metal ions (for ex- 
ample, silver and copper) accelerate the 
oxidation of sulfhydryl groups, as do 
oxidizing agents such as ferricyanide, 
porphyrindin, iodine, mustard gas, 
o-iodosobenzoate, unsaturated ketones, 
and quinones. Alkylating agents such as 
iodoacetamide and methyl bromide, and 
mercaptide-forming compounds includ- 
ing organic arsenicals and p-chloromer- 
curibenzoate are useful agents for sulf- 
hydryl groups (/3). 

Results with these reagents indicate 
that sulfhydyryl groups are essential for 
the activity of a large fraction of the 
known enzymes; when sulfhydryl groups 
are oxidized to disulfide or alkylated, the 
enzymes are reversibly inactivated: 

SH S 
oxidation 
En — —> En 
reduction 
SH S 


Active enzyme Inactive enzyme 


Reducing agents such as cysteine, thio- 
glycollic acid, ascorbic acid, hydrogen 
sulfide, glutathione, and 1,2-dimercapto- 
propanol (British antilewisite, BAL) are 
effective in restoring activity. The case of 
‘glyceraldehyde-3-phosphate dehydro- 
genase deserves special mention because 
the essential SH group belongs to gluta- 
thione, which is firmly bound to the pro- 
tein (14). The sensitivity of SH enzymes 
to oxidation-reduction potential suggests 
a physiological means of controlling the 
activity of these enzymes inside living 
organisms. 

It might be surmised that certain pro- 
teins would require the disulfide bond for 
activity, but few examples can be cited 
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INHIBITION 

z 

° 

w 

3 NON - COMPETITIVE 

INHIBITION 

° 

w 

> 


L 
s 


t 

K 

SUBSTRATE CONCENTRATION (s) —> 

Fig. 3. The rate of the catalyzed reaction 

as a function of substrate concentration 

is plotted for an active enzyme and for an 


enzyme inhibited by either a competitive 
or a noncompetitive inhibitor (34). 


other than the well-known one of the 
hormone insulin, Although urease is a 
typical SH enzyme, extensive reduction 
of disulfide groups required for the 
maintenance of protein structure may re- 
sult in inactivation (15). Clostridial col- 
lagenase apparently requires the SS bond 
and is inactivated by reducing agents 
(16). 

Polypeptide chain. By no means all of 
the protein molecule is required for en- 
zyme activity, and in many cases it has 
been possible to split the polypeptide 
chain without loss of enzyme activity. 
Mild conditions of hydrolysis must be 
used, however, and one is limited pri- 
marily to enzymes that split the peptide 
bond. Proteolytic enzymes as well as 
amino- and carboxy-peptidases have fur- 
nished evidence that in many cases amino 
acids and peptides can be successively 
removed from the polypeptide chain of 
an enzyme before loss in activity occurs. 
For example, carboxypeptidase can re- 
move 20 percent of the nitrogen of ribo- 
nuclease while more than 70 percent of 
the enzyme activity is retained (see 14). 
Although glyceraldehyde-3-phosphate de- 
hydrogenase is inactivated by proteolytic 
enzymes, its activity is restored by SH 
compounds (1/4). Pepsin can be partially 
self-hydrolyzed and retain activity. 

Phosphate. Certain proteins contain 
phosphate (attached to the hydroxyl 
group of serine) that can be readily re- 
moved (17). In the case of phosphory- 
lase, the removal of phosphate by phos- 
phatase results in complete loss of 
activity. This inactivation can be re- 
versed by dephosphophosphorylase kinase 
and adenosine triphosphate. Glucagon 
and epinephrine may play an indirect 
role in this reactivation (18). 

Metals. Metals may be firmly bound in 
stoichiometric proportions to proteins 
(metalloenzymes) or loosely and non- 
specifically bound to proteins (metal- 
enzyme complexes) (/9). Included in 
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the first category are copper, iron, molyb- 
denum, and zinc, all of which are located 
in the active site of most oxidative (also 
hydrolytic in the case of zinc) enzymes. 
Agents with high affinity for the metal 
and suitable steric configuration com- 
pletely inhibit the enzyme by formation 
of a metal-inhibitor complex. Inhibitors 
that have been especially useful in eluci- 
dating the structure of metalloenzymes 
are cyanide, azide, carbon monoxide, hy- 
drogen sulfide, phenylthiourea, o-phen- 
anthroline, 8-hydroxyquinoline, and 
ethylenediamine tetraacetic acid. If the 
inhibitor has not separated the metal 
from the protein, the enzyme can often 
be reactivated by suitable removal of the 
inhibitor (19). 

Loosely bound metal ions that activate 
enzymes by forming metal-enzyme com- 
plexes include magnesium, manganese, 
potassium, calcium, iron, and cobalt. 
Metal ions that activate enzymes can be 
readily removed from the system by dial- 
ysis, by chelating agents such as citrate, 
oxalate, pyrophosphate, and Versene, or 
by reagents specific for a particular 
metal. Fluoride is especially useful as an 
inhibitor of magnesium-activated en- 
zymes such as enolase. Competition 
among metal ions may occur for the re- 
active groups of the enzyme; for example, 
cobalt, copper, and zinc may inhibit the 
activation of prolidase by manganese; 
silver and mercury inhibit the activation 
of arginase by cobalt and manganese; 
and sodium may interfere with potassium 
in its activation of glycolysis. The prob- 
lem of metal ions is complicated by the 
fact that these cations may also complex 
with the substrate, thereby facilitating or 
inhibiting enzyme action (19). 

Coenzymes. Enzyme systems that re- 
quire a coenzyme may be inhibited by 
reagents which combine with the coen- 
zyme either before or after its removal 
from the protein apoenzyme. Especially 
illuminating have been studies on the 
substitution for the coenzyme of a com- 
pound (anticoenzyme) that resembles 
the structure of the coenzyme sufficiently 
closely so that the anticoenzyme displaces 
the true coenzyme from the apoenzyme. 
Since the essential group of the coenzyme 
is usually one of the B vitamins, most of 
the anticoenzymes fall into the category 
of antivitamins. Not only can the anti- 
vitamin act as a competitive inhibitor in 
an enzyme system requiring a coenzyme, 
but in the living cell it may also block 
the synthesis of the coenzyme itself, caus- 
ing the organism to develop symptoms 
of a vitamin deficiency (20). 

Coenzymes that can be blocked by 
antivitamins include the pyridine nucleo- 
tides, flavin nucleotides, thiamin pyro- 
phosphate, pyridoxal phosphate, coen- 
zyme A, d-lipoic acid (6,8-dithiooctanoic 
acid), and many others. Specificity 
among the coenzymes is extreme, for ex- 
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Fig. 4. Inhibitor concentration multiplied 
by the ratio of inhibited enzyme to active 
enzyme is plotted as a function of substrate 
concentration for both competitive and 
noncompetitive inhibition (34). 


ample /-lipoic acid inhibits the function- 
ing of the coenzyme as do also the analo- 
gous 4,8- and 5,8-dithiol acids. Similar!y 
in the case of the pyridine nucleotides, 
reduction involves the introduction of 
hydrogen into either the cis or the trans 
configuration of the para position of the 
nicotinamide (21). From these studies it 
is clear that only minor alterations in a 
vitamin molecule may convert it into an 
antivitamin capable of blocking directly 
or indirectly the functioning of a coen- 
zyme in an enzyme system. Enzymes con- 
taining both coenzyme and metal can be 
inhibited by reagents for the metal as 
well as by anticoenzymes. 


Architecture of the Active Site 


While previously discussed inhibitors 
of selected groups have contributed 
greatly to knowledge of the active site, 
more direct information has come from 
studies specifically directed toward that 
part of the enzyme molecule directly 
concerned in catalysis. Competitive in- 
hibitors that bear a direct or indirect re- 
lationship to the natural substrate have 
been especially useful. Since such inhibi- 
tors interfere with the metabolism of nor- 
mally occurring compounds, they are 
called antimetabolites. Also included in 
this category are the antivitamins, which 
have already been discussed. Although 
the antimetabolites are invaluable in 
mapping out the topography and chemi- 
cal nature of the reactive group, their 
contributions to our knowledge of inter- 
mediary metabolism, including the citric 
acid and the urea cycles and biosynthesis 
in general, are equally significant. Appli- 
cations to applied problems, especially in 
agriculture, medicine, pharmacology, 
dentistry, and nutrition, are developing 
rapidly and promise exciting vistas for 
the future. 

Use of homologous series of com- 
pounds has furnished information on the 


dimensions of the active site. The intro- 
duction of one CH, group into an inhibi- 
tor may greatly alter its action, suggest- 
ing that steric configuration of the active 
site is highly specific. Increase in size by 
only a few angstrom units may convert 
an inhibitor into a molecule that no 
longer has access to the enzymatic site. 
This is well illustrated by the alcohol de- 
hydrogenase system. The length of the 
aliphatic chain determines whether the 
alcohol is a good or poor substrate, an 
inhibitor, or without effect on the en- 
zyme (22). 

One of the best examples of inhibition 
analysis by the use of antimetabolites is 
given by studies of Nachmansohn, Wil- 
son, and their collaborators (//, 23) on 
acetylcholinesterase. This enzyme is 
strongly and irreversibly inhibited by cer- 
tain chemical warfare agents and insecti- 
cides belonging to the group of phosphate 
esters, including tetra-alkyl pyrophos- 
phates, dialkyl p-nitrophenyl phosphates, 
and dialkyl fluorophosphates. The lethal 
action of these nerve gases is due to an 
inhibition of acetylcholinesterase which 
is not reversed by dialysis. These inhibi- 
tors phosphorylate a basic group (imida- 
zole ?) of the active esteratic subsite 
which is normally bound to the ester 
function of acetylcholine and is involved 
in the catalytic hydrolysis of the ester 
linkage. Similar inhibitor studies using 
antimetabolite analogs of acetylcholine 
have shown that the active site of the 
esterase consists of a second * subsite, 
called the anionic site, capable of bind- 
ing and orienting, by Coulombic and van 
der Waals’ forces, ammonium structures 
and responsible for binding the choline 
part of the acetylcholine (see Fig. 6). In 
addition to inhibition by choline analogs, 
the esterase is inhibited reversibly at lev- 
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Fig. 5. Catalysis of HzO, decomposition 
by beef-liver catalase in the presence and 
absence of 0.3M sodium acetate in 0.1M 
phosphate buffer, pH 6.0 at 25°C; 10° xo 
10°M (36). 
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els of 10-°M by such powerful alkaloid 
drugs as eserine, prostigmine, atropine, 
and curare (23). 

In the case of the alkyl phosphate- 
enzyme complex, the inhibition is ordi- 
narily irreversible, since reaction with 
water to regenerate unbound active en- 
zyme is extremely slow. Some reactiva- 
tion was obtained with nucleophilic 
reagents such as hydroxyamine and py- 
ridine, which compete with the dialkyl- 
phosphoryl group for the positively 
charged esteratic site. Far more effective 
in reactivation were compounds that in 
addition possessed a cationic center for 
Coulombic binding to the anionic site. 
Included in this group of reactivators 
are nicotinohydroxamic acid and 2-pyri- 
dine aldoxime methiodide. The latter 
compound has been used successfully as 
an antidote to nerve-gas poisoning and is 
capable of repairing the chemical lesion 


produced by the alkyl pyrophosphate 
(24), 


Inhibition in Living Systems 


Enzyme inhibitors have profound ef- 

fects on living organisms by blocking 
vital reactions of intermediary metabo- 
lism. In this way, they may modify the 
behavior of the cell or organism, affect 
growth, development, and reproduction, 
and produce necrosis and death. Inter- 
pretation of inhibition is fraught with 
difficulties because it does not necessarily 
follow that the locus of action is a par- 
ticular enzyme system from the fact that 
an inhibition in vitro can be demon- 
strated. It must be proved that the en- 
zyme under indictment is actually in- 
hibited in the living system at the 
concentration of inhibitor that is known 
to have accumulated inside the cell, In 
addition, the enzyme block must quanti- 
tatively explain the biological effect of 
the inhibitor (25). 
, An example of the difficulties involved 
is presented by the nitrogen mustards, 
which have been widely used with partial 
success in the treatment of certain types 
of cancer. These cytotoxic materials in- 
activate hexokinase, adenosine triphos- 
phatase, choline oxidase, esterase, and 
acetylase, and they interfere with bio- 
synthesis. The explanation of the mode 
of action of nitrogen mustards is not this 
obvious, however, for the concentration 
of the drug required for enzyme inhibi- 
tion is greater than that found in tissues 
after a lethal dose has been administered 
(26). 

Except in the case of chemical warfare, 
the biochemist would like to use an en- 
zyme inhibitor like a surgeon’s scalpel to 
differentiate at the molecular level be- 
tween closely related living systems, In 
theory, the difference between them may 
be subtle indeed and need involve only 
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Fig. 6. Schematic presentation of interac- 
tion between the active groups of acetyl- 
cholinesterase and its substrate (23). 


one enzyme in a thousand or more; in 
such a situation, a specific inhibitor 
might be able to eliminate one of a pair 
of cells or organisms. While such differ- 
ential and specific effects of inhibitors do 
indeed depend on quantitative or quali- 
tative differences in enzymes associated 
with alternate pathways of metabolism 
that exist between pathological and nor- 
mal tissues or between host and parasite, 
other properties may be equally impor- 
tant. In particular, permeability differ- 
ences involving cell wall, plasma, nuclear 
membranes, and mitochondrial mem- 
branes (both external and in the christae 
mitochondriales) are of critical impor- 
tance in explaining the difference in sus- 
ceptibility to such biologically active 
compounds as drugs, antibiotics, and 
chemotherapeutic agents. 

Inhibition analysis of cell chemistry. 
The first use of inhibitors in living sys- 
tems was as blocking agents in unravel- 
ing the successive steps in glycolysis, in 
the citric acid and urea cycles, and in 
numerous systems of biosynthesis. A re- 
cent addition to the list, which includes 
such famous inhibitors as iodoacetate, 
fluoride, and malonate, is fluoroacetic 
acid, a poison from certain South African 
plants. In man a “lethal synthesis” of 
fluorocitrate from fluoroacetate occurs 
which blocks the citric acid cycle by an 
inhibition of aconitase (27). Inhibition 
analysis was not only instrumental in 
elucidating metabolic pathways, but these 
investigations in turn have validated the 
theory of enzyme inhibition as applied to 
living matter. 

Antimicrobial enzyme inhibitors. Stud- 
ies on the use of inhibitors as bactericides 
and fungicides have proceeded at a rapid 
pace ever since sulfanilamide proved to 
be a competitive inhibitor that blocks the 
utilization of p-aminobenzoic acid in the 
synthesis of the folic acid enzymes. Gould 
et al. (28) found that bisphenolic com- 
pounds such as hexachlorophene strongly 
inhibit succinoxidase, cytochrome oxi- 
dase, and lactic dehydrogenase, but it is 
not clear that this accounts completely 
for the bactericidal action of hexachlo- 
rophene. Penicillin blocks both protein 
and nucleic acid metabolism by inhibi- 
tion of peptide bond synthesis, oxidation 


of nucleotides, and their formation from 
purines (25). Streptomycin is a nonspe- 
cific inhibitor with a marked effect on 
diamineoxidase. It also interferes with 
the oxidation of pyruvate and oxalace- 
tate. 

Bacteria are more susceptible than 
mammals, apparently because of the 
relative impermeability of plasma mem- 
brane and mitochondria of the animal 
cell to streptomycin (see 25). Chlor- 
amphenicol is structurally related io 
phenylalanine and may inhibit its incor- 
poration into proteins. Its antibiotic prop- 
erties might be related to its ability to 
block protein synthesis in bacteria. Anti- 
mycin is a powerful inhibitor of succin- 
oxidase. Tetracycline uncouples respira- 
tion from aerobic phosphorylation (29). 
This antibiotic action may be prevented 
by magnesium, which binds the tetra- 
cycline. These few examples were chosen 
to indicate the usefulness of the hypothe- 
sis that antimicrobial agents can act as 
enzyme inhibitors. 

Drugs as enzyme inhibitors. The con- 
cept that the pharmacological action of 
drugs may be the result of their inhibition 
of enzyme systems has proved fruitful 
and now affords a rationale in the search 
for chemicals with physiological action. 
Drugs previously discussed, which inhibit 
acetylcholinesterase, constitute one of the 
best documented examples in this cate- 
gory. Acetazoleamide (Diamox), which 
is useful in the treatment of edema, gly- 
coma, and epilepsy, reversibly inhibits 
carbonic anhydrase even at concentra- 
tions of 10-8M. By interfering with this 
enzyme in mammals, Diamox prevents a 
tissue (kidney, stomach, brain, pancreas, 
and ciliary bodies) from secreting acid 
or base (25). Disulfiram (Antabuse), 
which is useful in the treatment of alco- 
holism, apparently inhibits enzymes that 
oxidize acetaldehyde. Hence disulfiram 
causes an accumulation of toxic aldehyde 
after alcohol is administered. This drug 
has been shown to inhibit copper and SH 
enzymes (25). 

Anesthetics and hypnotics produce a 
decrease in nerve activity accompanied 
by a slight decrease or increase in oxida- 
tion and an interference with the utiliza- 
tion of adenosinetriphosphate. These 
drugs appear to affect most markedly the 
stimulated respiration and synthesis of 
phosphate bond energy of active as con- 
trasted with resting nervous tissue (30). 
In the respiratory chain of the cell, en- 
zymes operating between the pyridine 
nucleotides and cytochrome b constitute 
the links most susceptible to inhibition 
by hypnotics and narcotics. Although an 
encouraging beginning has been made on 
the mode of action of drugs, much re- 
search remains to be done before their 
action can be explained in terms of en- 
zyme inhibition. 

Inhibitors in cancer chemotherapy. 
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The search for inhibitors that distinguish 
between enzymes of normal and neoplas- 
tic cells has not been easy in view of the 
general similarity of the metabolism of 
the two types. Most effective in the treat- 
ment of cancer have been antimetabolites 
that interfere with either folic acid en- 
zymes or enzymes involved in nucleic 
acid biosynthesis, or both. The most ef- 
fective folic acid antagonists are the 
4-amino derivatives of folic acid, amin- 
opterin and «-methopterin, which pre- 
vent the conversion of folic acid to folinic 
acid (citrovorum factor). In this way, 
folic acid is prevented from acting as a 
formylating agent in biochemical one- 
carbon transfer reactions. Folic acid an- 
tagonists are especially useful in the 
treatment. of acute lymphoblastic leu- 
kemia (31). The purine antagonists in- 
clude 6-mercaptopurine, azaguanine, 2,6- 
diaminopurine, thioguanine, 6-chloropu- 
rine, and the pyrazolo pyrimidines. 

A more specific attack on blocking 
purine metabolism has been made possi- 
ble by the work of Buchanan and associ- 
ates (32), who have characterized the 
enzymes and elucidated each step in 
the biosynthesis of purines. The anti- 
biotics, azaserine and 6-diazo-5-oxy-L- 
norlucine (DON) are structural analogs 
of glutamine and block the enzyme that 
utilizes it in purine synthesis. The ability 
of these antibiotics to block the synthesis 
of nucleotides is quantitatively related to 
their blockading of the growth of certain 
types of neoplasms (33). Many other 
types of enzyme inhibitors are being in- 
vestigated for possible use in cancer 
chemotherapy. 


Summary 


The use of chemical reagents as en- 
zyme inhibitors has yielded information 
concerning the mechanism of inhibition 
and the role in catalysis played by active 
groups on the protein apoenzyme, the 
coenzyme, or the metal component. In- 
hibition analysis has also furnished valu- 
able clues concerning the architecture, 
chemical properties, and catalytic mech- 
anism of the active site of the enzyme. 
In many cases, in vivo effects of inhibi- 
tors can be closely correlated with in 
vitro inhibition of purified enzyme sys- 
tems. The effects of antimicrobial and 
anticancer agents, insecticides, and drugs 
can often be explained in terms of en- 
zyme inhibition. The design and synthesis 
of new inhibitors offers great promise 
when applied to the control of undesir- 
able organisms and to the prevention 
and cure of disease in the immediate 
future. 
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ogy. In taking his Ph.D. at the University 
of Chicago and throughout the rest of 
his life he was keenly interested in all 


11 JANUARY 1957 


branches of animal science. He could 
truly be called a general zoologist. 
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this state and institution. He once said 
that he was determined to master any 
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about learning all that there was to know 
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state, collecting, photographing and ob- 
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serving. With this knowledge, he helped 
lay the foundation for the study of ani- 
mal ecology in the area, and he sum- 
marized it in a chapter in Shelford’s 
Naturalist’s Guide to the Americas. 

To master meant to understand, and 
his understanding of nature included 
affection. In his spare time he was an 
ardent fisherman, and he soon became 
an ardent conservationist. As president 
of the state Izaak Walton League, he 
worked for the adoption of a model fish 
and game law and was later asked to 
help put it into effect as executive secre- 
tary of the State Fish and Game Com- 
mission. He was made an honorary na- 
tional president of the Izaak Walton 
League and served as chairman for its 
Conservation Education Committee, 
which became the present Conservation 
Education Association, of which he was 
also honorary president. 

His early scientific work was con- 
cerned with the embryology of the ma- 
rine annelids which he studied at the 
Woods Hole Marine Biological Labora- 
tory, where he was an instructor in the 


59 


t 
> 
1 
a 
j 
it 
n 
le 
g 
a 
d 
A- 
se 
1e 
of 
n- 
1e 
te 
on 
yn 
‘ir 
n- 


invertebrate course for several years. 
However, his major research interest 
soon changed to parasitology. Beginning 
at the Kansas State Agricultural College 
and later as research parasitologist at 
the Agricultural Experiment Station of 
the University of Wyoming, he at first 
concerned himself with parasites of live- 
stock, demonstrating the insect transmis- 
sion of swamp fever in horses and work- 
ing extensively with Sarcocystis tenella 
of sheep. Later he became interested in 
the parasites of wildlife, particularly the 
tapeworms of the genus Diphylloboth- 
rium and the coccidian parasites of the 


sage grouse, Working out the life-cycle 
of the latter led to the first description 
of the mating behavior of the sage 
grouse, the discovery of one of the high- 
est degrees of social organization in gal- 
linaceous birds, and a comparative be- 
havioral study of two related species. At 
the time of his death he was working on 
two problems: one on the relationships 
between Diphyllobothrium cordiceps and 
D. latum, which he concluded were phys- 
iologically and morphologically distinct, 
and the other on the races of Eimeria in 
the sage grouse, which developed in iso- 
lation conforming to the isolation pro- 


News of Science 


AAAS Awards 


The following awards were presented 
during the recent AAAS annual meeting 
in New York. 

The AAAS-Anne Frankel Rosenthal 
memorial award went to Jacob Furth, 
associate director of research at the Chil- 
dren’s Cancer Research Foundation, 
Harvard Medical School. The award, 
consisting of $1000, is from funds pro- 
vided by the Rosenthal Foundation. 

Furth was born in Hungary and edu- 
cated in Germany, where he began his 
professional career. He came to the 
United States in 1924. After a year on 
the staff of the Henry Phipps Institute 
in Pennsylvania, he was appointed to the 
faculty of Cornell University College of 
Medicine, where he remained until 1948. 
Then for the 4 years he served as chief 
of the pathology and physiology section 
of the Biology Division of the Oak Ridge 
National Laboratory. In 1954 he was 
appointed to his present position at Har- 
vard. 

Herbert C. Kelman, research psycholo- 
gist at the National Institute of Mental 
Health, received the $1000 AAAS Socio- 
Psychological Research award. Kelman 
was born in Vienna 29 years ago. Follow- 
ing receipt of a Ph.D. degree from Yale 
University in 1951, he was given a fellow- 
ship by the Social Science Research 
Council and spent a year at the Phipps 
Psychiatric Clinic of Johns Hopkins Uni- 
versity. From 1952 to 1954 he served as 
a U.S. Public Health Service research 
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fellow. Then, after a year at the Center 
for Advanced Study in the Behavioral 
Sciences at Stanford, Calif., he assumed 
his present position. 

Kelman’s prize winning study was a 
theoretical and experimental investiga- 
tion of social influence. Social influence 
or social pressure sometimes leads a per- 
son to change his attitudes or behavior, 
but this conformity takes place at differ- 
ent levels. A person may conform because 
he expects to be rewarded for conforming 
and punished for nonconforming behav- 
ior. He may conform because he wants 
to maintain good relations with other 
people whose behavior or attitude he 
copies. Or, he may conform because he 
really believes that the ideas or actions 
are good and proper. Kelman analyzed 
and studied experimentally some of the 
factors involved in these three kinds of 
compliance with social influences. Kel- 
man was a college roommate of Yehudi 
A. Cohen of the Albert Einstein College 
of Medicine who received the award last 

ear. 

The AAAS-Ida B. Gould memorial 
award for research on cardiovascular 
problems was presented jointly to C. W. 
Lillehei of the University of Minnesota 
School of Medicine and his associate 
Richard Allison DeWall. The award is 
being given for Lillehei’s leadership in 
the field of open heart surgery through 
the preparation of oxygenators of vari- 
ous sorts, including the pump oxygenator 
that was originated by DeWall. 

Neal E. Miller, James Rowland An- 


duced by the social behavior of the host. 

As a teacher, Scott had a gift for pre- 
senting a clear organization of a subject, 
but his outstanding capacity was for 
friendships. He was an idealist in human 
affairs and could understand and ap- 
preciate any quality except selfishness. 
Those whom he inspired share his belief 
that the pursuit of knowledge is an hon- 
orable occupation whose end is general 
and individual welfare. He died on 15 
August 1956 in Laramie, Wyoming. 

J. P. Scorr 

Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 


gell professor of psychology at Yale Uni- 
versity, and James Olds, associate re- 
search psychologist in the department of 
anatomy at the University of California, 
Los Angeles, received the 29th Newcomb 
Cleveland $1000 award for their experi- 
ments with animals which show that cer- 
tain areas in the brain apparently govern 
feelings of punishment and gratification. 
The prize-winning papers were “Learn- 
ing and performance motivated by direct 
stimulation of the brain,” by Miller, and 
“Effects of hunger, sex, and tranquil- 
izers on localized reward systems in the 
brain,” by Olds. 

Miller and his colleagues at Yale have 
shown how different emotions and drives 
may be aroused by stimulating certain 
places deep in a primitive part of the 
brains of rats and other animals. They 
have studied reactions that seem to be 
like pain and fear, flight, rage, hunger, 
sex, and thirst. Olds, working with Mil- 
ner in Montreal, discovered that electric 
stimulation of other points deep in the 
brain can act as a reward. Thus, while 
the animals used by the Yale group 
would work to escape direct stimulation 
of the brain, Olds’ rats would work to get 
it. Since Olds found that his reward ef- 
fect could be influenced by drives, he 
could use it as a means of studying the 
location of various “drive centers” in the 
brain. The work going on in the Yale 
and California laboratories and that in 
other laboratories is fitting together to 
begin to give a picture of how motiva- 
tions are aroused deep in the brain. 


Population Changes 


Families are becoming larger in the 
United States, the Metropolitan Life In- 
surance, Company’s statisticians report. 
An increasing number of couples are now 
having a third or fourth child. The an- 
nual rate for third births has climbed 
from 1.8 per 100 married women under 
age 45 in 1940-41 to 3.1 per 100 in 
1954-55. For fourth births, the rate in- 
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creased by 70 percent during this period. 
Fifth and subsequent births have also in- 
creased somewhat in recent years and 
are likely to continue upward for the 
balance of the decade, although there is 
little likelihood that the rates for these 
birth orders will return to the levels of 
the 1920's. 

Second births increased almost with- 
out interruption from a low point in 
1933 to a peak in 1952. Although the 
rate has fallen off somewhat, it still is at 
an unusually high level—one-third above 
the rate in 1940, and about one-eighth 
higher than in 1920. In 1945-55 the num- 
ber of families that had a second child 
exceeded those that had a first child— 
a situation which is probably without 
precedent in our history. 

At the other end of the scale, the 
Metropolitan Life Insurance Company 
statisticians report that the proportion of 
older people has been increasing for 
more than a century, slowly at first and 
more rapidly in recent decades. The pro- 
portion of population at age 65 or older 
is 8.6 percent, or about one in 12. In 
1900 only 4.1 percent of all Americans 
were in this age group. 

According to the Population Reference 
‘Bureau, Inc., for the third consecutive 
year the number of births in the US has 
totaled more than 4 million. This rising 
tide of births will soon add further to 
the mounting school enrollment figures. 
For the three years from October 1953 
through October 1956, kindergartens and 
elementary schools had to expand enough 
to take in an extra million children each 
year. The Census Bureau finds that the 
total increase for those three years was 
3,119,000. The big increase in school 
children is still to come. Kindergarten 
enrollment went up 82 percent from 1950 
to 1955. Between 1950 and 1955, the 
number of children who are 5 years of 
age or under jumped from 14,184,504 
in 1950 to 18,305,000 in 1956, an in- 
crease of 4,120,496. The number of chil- 
dren in elementary schools increased by 
24 percent, and high-school enrollment 
rose only 19 percent. 


Uranium Production 


The Atomic Energy Commission has 
disclosed for the first time statistics con- 
cerning uranium ore reserves and ura- 
nium mining and milling operations. The 
information, which was limited to pro- 
duction since 1 July 1955, was authorized 
by the commission’s revised declassifica- 
tion guide. 

The uranium ore reserves still in the 
ground on 1 Nov. 1956 were estimated in 
millions of tons as follows: New Mexico, 
41; Utah, 7.5; Colorado, 4.1; Arizona, 
2.6; Wyoming, 2.3; Washington, 1.5; and 
others, 1. The total is 60 million tons. 
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The uranium ore mined during the pe- 
riod from July to December 1955 was 
840,000 dry tons; from January to June 
1956, 1.34 million dry tons; and from 
July to December 1956, 1.66 million dry 
tons. 

The amount of uranium concentrate 
milled from the raw ore doubled this 
last year, the yield of concentrate from 
the crude ore averaging about 4 of 1 
percent. At the beginning of 1956, ura- 
nium concentrate was produced at a rate 
of about 4000 tons per year; at the close 
of the vear the rate was more than 8000 
tons per year. Specifically, uranium con- 
centrate milled during the period from 
July to December 1955 was 1600 tons; 
from January to June 1956, 2600 tons; 
and from July to December 1956, 3400 
tons. 

At present, 12 uranium mills are in 
operation in the United States. All are 
privately owned with the exception of 
one AEC-owned plant. The total private 
investment is established at $50 million, 
with a total daily capacity of 8960 tons. 
Eight more mills, representing an invest- 
ment of about $35 million and a rated 
daily capacity of 4025 tons, are sched- 
uled for completion in 1957 or early 
1958. 


Randomized Cloud- 
Seeding Experiment 


A recent decision of the Board of 
Supervisors of Santa Barbara County, 
Santa Barbara, Calif., to finance a ran- 
domized cloud-seeding experiment pro- 
vides an unusual opportunity for study- 
ing the effects of silver iodide smoke, 
produced by ground generators, on 
storms passing over mountainous areas. 
It appears that this will be the first ran- 
domized experiment conducted in the 
United States using ground generators of 
silver iodide. Also, because of possible 
complications with lawsuits for damages 
and the consequent reluctance of public 
agencies to conduct cloud-seeding ex- 
periments on their own, it may be quite 
some time before another experiment of 
this kind is organized. In the past there 
appear to have been only two random- 
ized cloud-seeding trials, those conducted 
by the U.S. Weather Bureau and by the 
University of Chicago meteorologists and 
statisticians. However, these trials in- 
volved seeding from aircraft. 

During the decade that has elapsed 
since the discovery of techniques for arti- 
ficially nucleating supercooled clouds 
there has been a large amount of effort 
expended to secure an answer to the 
question, “Does cloud seeding produce 
significant increases in precipitation?” 

Several years ago the Division of 
Water Resources of the Department of 
Public Works of the state of California 


conducted an investigation of this sub- 
ject, particularly in relation to the wide- 
spread commercial cloud-seeding opera- 
tions in California. With the help of the 
Statistical Laboratory of the University 
of California, it was established that no 
clear-cut answer to the question of the 
efficacy of the cloud-seeding operation is 
available and that none can be expected 
until a special, so-called “randomized,” 
experiment is performed. 

In order to understand this pessimistic 
conclusion one must take into account 
that, according to the opinion of pro- 
fessional meteorologists, not all storms 
are suitable for seeding and only a part 
of them are actually seeded. Also, in 
order to judge whether or not the seeding 
is effective, one must have some sort of 
standard of comparison, such as, for ex- 
ample, the amount of rain fallen from 
the same storm in a comparison area, 
presumably not affected by seeding. In 
these conditions, even if the comparison 
between the rain in the target and in the 
comparison areas appears favorable to 
the conclusion that seeding is beneficial, 
there is always the question of whether 
or not the observed excess of rain in the 
target is the effect of seeding or a mark 
of success of forecasting. 

In fact, the meteorologist engaged in 
cloud seeding may be expected to be able 
to identify among the approaching storms 
those that will deposit in the target rela- 
tively more rain than the others. Then, 
if only those more promising storms are 
seeded, the comparison with any preas- 
signed standard would tend to indicate 
a positive effect of seeding, even though 
the actual effect of this operation is mi- 
nute or nil. 

This difficulty of distinguishing be- 
tween the success of forecasting and the 
success of seeding can be avoided by per- 
forming a randomized trial. The mete- 
orologist engaged in weather modifica- 
tion is allowed to select at will the op- 
portunities for seeding. Once such an 
opportunity is identified, a random ex- 
periment is performed: for example, a 
coin is tossed. If the coin falls heads then 
the actual cloud seeding begins, but not 
otherwise. However, the observations of 
the rainfall are conducted on all seeding 
opportunities, both those seeded and 
those not seeded. Then, with a sufficiently 
long series of observations, the compari- 
son between the seeded and not seeded 
storms allows a definite conclusion re- 
garding the effectiveness of seeding as 
such, free from the possible effects of 
forecasting. 

For quite some time appeals for a 
randomized experiment went unheeded. 
On the one hand, the communities that 
paid for cloud seeding (and they were 
those that believed in the effectiveness of 
these operatior) were reluctant to let 
about one-half of the seeding opportuni- 
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ties go unseeded. On the other hand, the 
companies engaged in commercial cloud 
seeding did not show any enthusiasm for 
a randomized trial. 

This impasse was broken last May at 
a conference at the Statistical Laboratory 
of the University of California at which 
the problem of artificial weather modifi- 
cation was publicly discussed. After sev- 
eral papers were presented to the audi- 
ence, all emphasizing the advantages of 
a randomized experiment, Robert D. 
Elliott, president of the North American 
Weather Consultants, took the floor and 
announced that, provided that financial 
arrangements could be made, his com- 
pany would be prepared to submit to a 
randomized cloud-seeding experiment. 

For some years past Elliott’s company 
has been engaged in cloud-seeding opera- 
tions in Santa Barbara County under 
contract with the county. Last summer 
this contract was considered for renewal, 
and Elliott was successful in persuading 
the Board of Supervisors of the county to 
agree that the operations over the forth- 
coming 3 years 1957-59 be conducted on 
a randomized basis. At its September 
meeting the Board of Supervisors ap- 
proved the contract, and the randomized 
experiment is to begin on 1 Jan. 1957, 

As conceived now, the Santa Barbara 
experiment will be a cooperative enter- 
prise. With financial support of Santa 
Barbara County, the actual cloud seed- 
ing will be performed by the North 
American Weather Consultants. The 
California State Department of Water 
Resources has undertaken the responsi- 
bility of collecting the data on the rain- 
fall. This activity, with Robin R. Rey- 
nolds in charge, involves installing and 
servicing a considerable number of rain 
gages over the target and over the three 
selected comparison areas. These rain 
gages, 38 of which are automatic, are 
being lent by the U.S. Weather Bureau. 
The local Forest Service is interested in 
the experiment and is expected to be 
very helpful in the observational part of 
the program. Finally, the Statistical Lab- 
oratory of the University of California, 
Berkeley, has designed the experiment 
and will evaluate the results. 

It is hoped that the expenditures con- 
nected with these activities will be cov- 
ered by a grant from the National Sci- 
ence Foundation. In the meantime, the 
Office of Naval Research has authorized 
the Statistical Laboratory to meet the 
initial expenses connected with the trial 
from its grant to the Statistical Labora- 
tory intended for other purposes. 

While the purely practical question of 
effectiveness of commercial cloud seed- 
ing, with the use of ground generators, 
is likely to be settled after the 3 years of 
the proposed study, the framework of 
the experiment just described would 
leave unanswered a host of important 
theoretical questions. The outcome of 
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the experiment may be favorable or un- 
favorable. In either case there will be 
questions on why the results were as they 
were, what was the mechanism of suc- 
cess or failure, did the seeding affect 
equally all the storms passing over Santa 
Barbara County, and so forth. It will be 
realized that, given the necessary obser- 
vations, the randomized design of the 
experiment will provide an opportunity 
for clarifying many problems of this 
kind. 

With this in mind the President’s Ad- 
visory Committee on Weather Control 
decided to use the Santa Barbara experi- 
ment for certain additional radar obser- 
vations, not originally contemplated. 
However, there is little doubt that much 
more can be done in this same direction. 

On 4 Dec. a conference was held in 
the Statistical Laboratory to consider 
the opportunities offered by the Santa 
Barbara project. In addition to Robin R. 
Reynolds of the California State Depart- 
ment of Water Resources, R. D. Elliott 
of the North American Weather Con- 
sultants, and the hosts at the Statistical 
Laboratory, this conference was attended 
by James E. McDonald of the Institute 
of Atmospheric Physics of the University 
of Arizona and Walter S. Hopkins and 
Arnold Court of the California Forest 
and Range Experiment Station. 

At this conference the prevailing opin- 
ion was that the opportunities provided 
by the Santa Barbara experiment should 
be exploited to the utmost. As a conse- 
quence, it was decided to make public 
the existing arrangements with the hope 
that individuals, agencies, and institu- 
tions interested in artificial weather 
modification might undertake various 
observational programs in addition to 
those already planned. The following 
particular points were raised. 

1) Two independent sets of observa- 
tions of precipitation. In order to avoid 
any possible doubts about the reliability 
of records of rain in the target and in the 
comparison areas, it is desirable to have 
for analysis two independent sets of 
observations. Thus, some of the rain 
gages now available could be installed 
and serviced by the California State De- 
partment of Water Resources, as origi- 
nally planned. The remaining rain gages 
could be entrusted to a recognized scien- 
tific institution that would undertake re- 
sponsibility for installing them in the 
target and in the comparison areas and 
for servicing them in order to obtain a 
set of observations independent of those 
of the Department of Water Resources. 

2) Radar observations. The aid of 
President Eisenhower’s Advisory Com- 
mittee on Weather Control has already 
been promised in providing radar obser- 
vations using an APS-15 3-centimeter 
radar to be located on the summit of La 
Cumbre peak in the Santa Ynez Moun- 
tains. There is need for a vertical-point- 


ing cloud-base-and-top indicating radar 
located somewhere on the coastal plain 
near Santa Barbara to give a continuous 
record of the cloud structure of the 
storms moving into the target area from 
the Pacific. Special interest centers 
around the question of generating cells 
and small convective elements imbedded 
in the storm cloud systems, for experi- 
ence in other areas indicates that these 
elements may be the chief natural units 
for release of precipitation from frontal- 
cyclonic storms. A much more illumi- 
nating analysis of the target and control 
rainfall data will become possible if 
such a radar could be made available. 

3) Freezing nuclei observations. Inas- 
much as there is virtually no observa- 
tional data on natural freezing nuclei 
counts prevailing during seeding experi- 
ments that have been carried out in the 
past, and inasmuch as the entire rationale 
of silver iodide seeding is based on the 
premise that a deficit of freezing nuclei 
exists in certain places and at certain 
times, it follows that a properly planned 
experiment should include nuclei counts. 
It is hoped that some agency or institu- 
tion can offer assistance leading to pro- 
vision of such counts during the Santa 
Barbara trials. 

Ideally, counts should be made up- 
wind of the generators and also down- 
wind in the silver iodide plumes. It is 
desirable to measure nuclei at least at 
sea level on the Santa Barbara coastal 
plain upwind from all generators and, 
if possible, also on the summit of the 
Santa Ynez range. Identical nuclei 
counters are desirable in the latter case, 
but counts of any kind, in the face of cur- 
rent paucity of knowledge concerning 
nuclei, will be of substantial aid to the 
over-all experiment. 

4) Airflow observations. Among the 
current uncertainties in the cloud-seeding 
problem are those concerned with the 
details of movement of nuclei from gen- 
erator to cloud. During an experiment 
of the type to be started in Santa Bar- 
bara in 1957, there is compelling need 
to perform all possible experiments 
aimed at defining the trajectories of the 
nuclei in order to state which parts of 
passing storms have been seeded and 
which have been unaffected by ground- 
released nuclei. Three means of securing 
this kind of information suggest them- 
selves. They are not all of equal feasi- 
bility. 

As a minimum, a series of zero-lift 
pilot balloon runs should be made dur- 
ing a number of seeded situations. These 
will give some insight into the paths 
followed by nuclei from ground at least 
up to cloud base level and will reveal the 
effects of the first main orographic bar- 
rier encountered by the nuclei. 

Second, the more complete informa- 
tion obtainable by using tracer tech- 
niques, such as those employing fluores- 
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cent zinc sulfide and aircraft impactor 
equipment, should be added if at all pos- 
sible. These give information as to parti- 
cle concentrations downwind from the 
generator, and concentrations are of key 
interest in assessing the numbers of ice 
crystals per unit volume of seeded storms. 

Third, actual counts of silver iodide 
nuclei in the plumes emitted by the gen- 
erators should be carried out if it be- 
comes possible to obtain airborne nuclei- 
counting equipment. It is recognized 
that cloud base heights and general 
storminess during seeding situations, plus 
the hazard of the mountains themselves, 
pose serious problems here, but the need 
is a very real one. 

5) Synoptic analysis. Meteorologists 
familiar with past seeding trials will 
recognize the need for much more thor- 
ough synoptic analysis of the storms 
seeded during any given program. In the 
Santa Barbara experiments there is need 
for some institution or agency to under- 
take the analysis of the Pacific frontal- 
cyclonic systems that comprise the seeded 
population, in order to gain badly needed 
physical insight into the reasons for the 
statistical answers that may be forthcom- 
ing. Whether the final answers prove 
positive or negative there will be great 
scientific interest in the detailed processes 
that are involved in the seeded storms of 
this experiment. Thermodynamic anal- 
yses and airflow analyses are needed. 
Fortunately, it is in the nature of this 
problem, that the analysis can be done 
later, without any immediate provision 
of additional facilities. However, the in- 
terest of other groups in attacking this 
problem is invited now. 

Inquiries regarding the Santa Barbara 
Cloud Seeding Experiment should be 
addressed to either of the present three 
participating institutions, preferably with 
copies to the remaining two, as follows: 
(i) California State Department of 
Water Resources, Sacramento, Calif.: 
Attention Mr. Robin R. Reynolds; (ii) 
North American Weather Consultants, 
Santa Barbara Municipal Airport, Santa 
Barbara, Calif.: Attention Mr. Robert 
D. Elliott; (iii) Statistical Laboratory, 
University of California, Berkeley 4, 
California: Attention Professors J. Ney- 
man and E. L. Scott. 

J. NEYMAN 
Statistical Laboratory, University 
of California, Berkeley 


Fertile Field for 
Communist Propaganda? 


A federal judge has aroused the sci- 
entific community by commenting pub- 
licly that the younger generation of pure 
scientists seems to have succumbed to 
Communist propaganda. Alexander 
Holtzoff made this observation in Wash- 
ington, D.C., when he sentenced Bernard 
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Deutch, a graduate student in physics 
at the University of Pennsylvania, to 90 
days in jail for contempt of Congress. 

Deutch was a witness before the House 
Un-American Activities Committee at a 
hearing in Albany, N.Y., in April 1954. 
He admitted membership in a Commu- 
nist group while attending Cornell Uni- 
versity and answered questions about his 
personal activities. However, he refused 
on moral grounds to name other mem- 
bers of the group. 

In November 1955 Federal Judge 
James R. Kirkland dismissed a contempt 
indictment against Deutch because it 
had failed to specify “willful” intent. 
However, the indictment was reinstated 
last July by the Federal Court of Ap- 
peals, which ruled that Deutch’s refusal 
to answer had been a “positive, affirma- 
tive act” and “by its very nature deliber- 
ate and willful.” 

When Judge Holtzoff found Deutch 
guilty of these charges on 13 Dec., he 
addressed the court as follows: 

“From evidence admitted in other 
cases that have come before the court, 
the court has gleaned the inference that 
the younger generation of pure scientists, 
specifically engaged in research in phys- 
ics, has succumbed to Communistic 
propaganda.” 

He went on to explain that he was 
referring particularly to younger persons 
“engaged in pure science,” and stated 
that a “dangerous” number of nuclear 
scientists have been found to be Com- 
munists. He said further that because of 
the brilliance of these scientists, they 
were potentially especially harmful “as 
subversive instruments.” He then ob- 
served that “our educational methods 
have so changed in recent years” that 
young scientists lack “a proper cultural 
background” and are “abysmally ignor- 
ant of history, political science and eco- 
nomics.” Deutch remains free on $500 
bond pending an appeal. 

So far two organizations have re- 
sponded vigorously to Holtzoff. Charles 
C. Price, chairman of the Federation of 
American Scientists and head of the 
chemistry department at the University 
of Pennsylvania said in a letter that at 
least 1000 research physicists and teach- 
ers had been indicted by the jurist. 

“While there have been instances of a 
few scientists, including physicists, whose 
thinking led to their association with 
the Communist cause at some time in 
their lives, we of the Federation strongly 
believe that the facts do not support your 
broad indictment of a whole generation 
of research physicists.” Price added that 
Holtzoff’s charges “poorly serve our na- 
tional efforts to encourage young people 
to seek careers in science.” 

The Philosophical Society of Wash- 
ington, an organization that is composed 
of 700 natural scientists, has also written 
a letter to Holtzoff. Malcolm C. Hender- 


son, research professor of physics at 
Catholic University, was chairman of the 
committee that composed the communi- 
cation, which included the following: 
“We consider that not only is the dis- 
tinction you draw between the alleged 
susceptibility to communistic propaganda 
of the ‘pure’ versus the ‘applied’ scientist 
a fallacious one, but that there is no 
evidence that young scientists of any 
sort are more susceptible to such propa- 
ganda than other groups of young people 
within the general population. . . . We 
feel that you have been guilty of general- 
izing from an exceedingly small sample, 
and one which has been given most 
undue weight in the public press. . . . 
The damage that such ill-advised state- 
ments as yours may do is to be found in 
the divisive effect that they have, setting 
off the scientist even further from the 
general public, which is only too ready 
to distrust and dislike the habit of 
thought of the scholar or scientist. . . . 
Anything that makes a career in science 
less attractive to our young people, or 
which influences their elders to advise 


against it, can but weaken the country in 
the long run.” 


Expanded Conservation Program 


The United States Fish and Wildlife 
Service will develop a greatly broadened 
conservation program for fish and wild- 
life resources. The goals of the program 
are to solve problems of destructive 
drainage threatening marshes and wet- 
lands for migratory waterfowl and to 
initiate a planned program of land ac- 
quisition to meet Federal and state needs 
in wildlife management. 

As the result of legislation approved 
by the 84th Congress, the service now 
has the authority to undertake greatly 
expanded programs for commercial fish- 
eries. The service is reviewing every pos- 
sibility that will benefit the fishing in- 
dustry. All this material will be used in 
developing the new program. 


Additional Declassification 


A large additional volume of technical 
information essential to the development 
of a civilian nuclear industry here and 
abroad is authorized for open publication 
under a 1956 revision of the Tripartite 
Declassification Guide. The United 
States, Great Britain, and Canada use 
this guide to determine what atomic en- 
ergy information, jointly held, may be 
published and what information is to re- 
main classified. 

The information declassified by the 
new guide, now approved by the three 
nations, relates to all phases of nuclear 
power from ore recovery and fabrication 
of fuel elements to the design and opera- 
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tion of plants for the chemical recycling 
of spent fuel elements from civilian re- 
actors. Of prime interest to American 
industry is the newly authorized declassi- 
fication of information on civilian power 
reactors. 

The major release of data on research 
reactors dates back to November 1950. 
Many categories of restricted data have 
been available to cleared individuals and 
organizations in this country under the 
Atomic Energy Commission’s Civilian 
Access Permit Program. The latest ac- 
tion will permit publication of a large 
portion of that information which 
hitherto has been governed by access per- 
mits. For example, among the facilities 
that become declassified under the new 
guide is our first full-scale civilian nu- 
clear power plant now nearing comple- 
tion at Shippingport, near Pittsburgh, 
Pa.; also the experimental sodium reactor 
at Santa Susana, Calif.; and the second- 
stage homogeneous reactor at Oak Ridge, 
Tenn. However, the access permit pro- 
gram remains as an important aid to the 
continued integration of U.S. industry 
and management in the atomic energy 
program on a free competitive basis. 

In addition, and clearly related to the 
reactor data which will become avail- 
able, is the declassification of the tech- 
nology of the manufacture of heavy 
water; final stages of the separation of 
zirconium and hafnium, two metals used 
in reactors, and the liquid thermal dif- 
fusion process of isotope separation, 
which may be used to make slightly en- 
riched uranium fuel. 

Of interest to our friends abroad, espe- 
cially those now participating in the pro- 
gram of cooperation in peaceful uses of 
nuclear energy through bilateral agree- 
ments, is the fact that the United States 
can now effectively cooperate with other 
friendly nations on an unclassified basis 
for civil power purposes. This will greatly 
facilitate the conclusion of agreements 
for cooperation. 

Uranium mining operators, under- 
writers and investors in the United States 
and in other uranium producing coun- 
tries will benefit by the removal of all 
tripartite restrictions on the publication 
of statistics on over-all uranium ore re- 
serves, and present and future ore con- 
centrate production figures. The world 
uranium industry, which now represents 
a private investment of many millions of 
dollars, will be able to participate in 
planning for nuclear power development. 

Putting a new declassification guide 
into effect does not declassify any docu- 
ments. The releasable information be- 
comes publicly available when reports, 
drawings, photographs, and so forth are 
reviewed and certified to be declassified 
under the new guide. The commission 
will move ahead rapidly in its review of 
classified information of interest to in- 
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dustry. The commission expects to insti- 
tute shortly an accelerated review pro- 
gram similar to the one that examined 
more than 30,000 documents and reports 
early this year. Following this accelerated 
rate of review, publication will be en- 
couraged, and the most useful of the de- 
classified material should be available 
within 6 months or less. 

The information to be released will 
provide a practical basis for enlarging 
and improving high-school, college and 
university curricula on nuclear science 
and engineering, and textbook publishers 
will be enabled to produce new, updated 
texts and general study aids on the ap- 
plications of nuclear energy. 


News Briefs 


™ The American Foundation for Allergic 
Diseases has reported that, although 
more than -17 million people in’ the 
United States suffer from allergic dis- 
eases, not more than 1500 physicians are 
practicing in the field of allergy. Two 
recent survey's by the foundation indi- 
cate that little improvement in this short- 
age can be expected in the immediate fu- 
ture. The surveys, made possible by 
grants from the New York Community 
Trust, were concerned with both gradu- 
ate and undergraduate medical educa- 
tion in the field of allergy. 


= The American Medical Association re- 
ports that, during the academic year 
1955-56, 1573 women were studying 
medicine in the 76 approved 4-year 
medical schools in the United States. 
This is a 2.3-percent gain over the pre- 
vious year. 

The Woman’s Medical College of 
Pennsylvania had the highest enrollment 
of any school—182. The medical schools 
of Columbia University and State Uni- 
versity of New York each enrolled 40 or 
more women. 


™More than 100 geologists, biologists, 
oceanographers, and other scientists have 
participated in the preparation of the Ge- 
ological Society of America’s Treatise on 
Marine Ecology and Paleoecology. Vol- 
ume 2, Paleoecology, edited’ by Harry S. 
Ladd, will be available in January or 
February 1957. Advance orders may be 
placed with the Geological Society, 419 
West 117 St., New York, N.Y. 

Volume 1, edited by Joel Hedgpeth, 
will be published later in 1957. 


= The Department of Agriculture has re- 
ported that the total production of crops 
in the United States during 1956 was 6 
percent above the average for the base 
period of 1947-49. This production, 
which equals the record of 1948 and 
1955, was attained despite the reduced 


number of acres in cultivation and the 
losses due to a late spring and widespread 
drouth. The harvest was derived from 
314 million acres, or some 29 million 
fewer acres than the average for the 
decade of 1945-54. The increase is at- 
tributed to the intensive use of farm ma- 
chinery and fertilizer. The average yield 
per acre for 1956 was 123 percent of the 
average for 1947-48. 


Scientists in the News 


JAMES C. THOMSON, until recently 
medical consultant of the World Health 
Organization in Iran and Pakistan, has 
accepted a joint assignment under both 
WHO and the Food and Agriculture 
Organization to make nutritional status 
assessment surveys of the school children 
of Turkey. His address is UNTAB Office, 
P.K. 407, Ankara, Turkey. 


CHARLES KITTEL, professor of 
physics at the University of California 
in Berkeley, has received the 1957 Oliver 
Buckley solid-state physics prize of the 
American Physical Society, for his appli- 
cations of magnetic resonance methods 
to investigations of the electronic struc- 
ture of solids. This $1000 prize is pre- 
sented by the society “to a person who 
has been adjudged to have made a most 
important contribution to the advance- 
ment of knowledge in solid-state physics 
within the 5 years immediately preceding 
the award.” The award will be presented 
at the annual meeting of the American 
Physical Society in New York at the end 
of January 1957, at which time Kittel 
will give the Buckley lecture on the sub- 
ject “The role of magnetic resonance 
studies in the physics of solids.” 


THEODORE BERLAND, former as- 
sistant director of public relations at the 
Michael Reese Hospital Medical Cen- 
ter, Chicago, IIl., has joined the office of 
public relations of the University of Chi- 
cago as science writer. He succeeds 
GEORG MANN, who resigned to take 
another position. 


The two A. Cressy Morrison prizes in 
natural science, which are awarded an- 
nually by the New York Academy of 
Sciences for original research, were pre- 
sented to WILLIAM LOW, Enrico 
Fermi Institute for Nuclear Studies, Uni- 
versity of Chicago, for his paper on “The 
paramagnetic resonance and_ optical 
spectra of some ions in cubic crystalline 
fields,’ and to GUY-LAURENT RE- 
MILLARD, Université de Montreal, 
Montreal, Canada, for his paper entitled 
“Histochemical and microchemical ob- 
servations on the lipids of interscapular 
brown fat of the female vespertilionid 
bat.” 
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Sir ARNOLD HALL, technical direc- 
tor and scientific adviser and consultant 
for the Hawker Siddeley Group, Ltd., 
London, England, delivered the 1956 
Wright Brothers lecture of the Institute 
of the Aeronautical Sciences on 17 Dec. 
in the U.S. Chamber of Commerce 
Building, Washington, D.C. The 1956 
lecturer became director of the Royal 
Aircraft Establishment in 1951 at the 
age of 36 and was knighted 3 years later. 
He gained world recognition for his work 
in connection with the RAE inquiry into 
causes of the Comet Airliner crashes. 
The task of nearly complete rebuilding 
of a wrecked Comet was undertaken and 
cause of the accidents found under his 
direction. 


LAWRENCE E. YOUNG, a member 
of the University of Rochester Medical 
School faculty since 1943 and widely 
known for his research in diseases of the 
blood, will succeed WILLIAM S. Mc- 
CANN [Science 125, 19 (4 Jan. 1957)] 
as Charles A. Dewey professor of 
medicine and chairman of the depart- 
ment, effective 1 July 1957. Young also 
will be physician-in-chief of Strong Me- 
morial Hospital, teaching hospital of the 
‘medical school. 


LAURENCE McKINLEY GOULD, 
president of Carleton College and a 
geologist by profession, has been ap- 
pointed director of the U.S. Antarctic 
Program for the International Geophys- 
ical Year. Gould, who was a member of 
the 1928-30 Byrd Antarctic Expedition, 
will direct the scientific program of geo- 
physical observations during 1957-58 at 
six stations, including one jointly oper- 
ated by the U.S. and New Zealand, and 
will also coordinate the U.S. effort with 
those of the 11 other nations partici- 
pating in the Antarctic Program. 


EDWARD W. COMINGS, head of 
the School of Chemical and Metallurgi- 
cal Engineering, Purdue University, has 
received the William H. Walker award 
of the American Institute of Chemical 
Engineers. 


CLARENCE L. SNYDER, electrical 
engineer who pioneered in the study of 
storage batteries, has retired from the 
National Bureau of Standards after 39 
years of service. His career at NBS has 
been devoted primarily to work on bat- 
tery separators. Snyder also has made 
significant contributions to the develop- 
ment of nonspillable aircraft batteries. 

Snyder graduated from the University 
of Colorado in 1914 with a degree in 
electrical engineering. He taught for 3 
years at Eastern State Vocational School 
in Oklahoma before going to Washing- 
ton in 1917 to start his “government 
career. 
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GEORGE W. HOOVER, Navy com- 
mander, received the space flight award 
of the American Astronautical Society at 
its second annual meeting in New York 
on 7 Dec. The award was presented in 
recognition of his efforts in the Project 
Vanguard earth satellite program. 


ARTHUR V. TOBOLSKY of Prince- 
ton University has received the Bingham 
medal of the Society of Rheology for 
his research on the elastoviscous proper- 
ties of polymeric materials and the kinet- 
ics of polymerization reactions. 


FRANCIS C. FLINT, technical di- 
rector of the Hazel-Atlas Glass Division 
of the Continental Can Company, has 
been chosen to receive the 1957 Albert 
Victor Bleininger award of the Pitts- 
burgh Section of the American Ceramic 
Society. Presentation will be made on 
15 Mar. during a dinner at the Penn- 
Sheraton Hotel, Pittsburgh, Pa. 


WILLIAM E. ADAMS, Raymond 
professor of surgery at the University of 
Chicago, recently spent several months in 
Scotland as guest professor of surgery at 
the University of Glasgow. He also gave 
addresses at the University of Aberdeen, 
the Royal College of Surgeons in Edin- 
burgh, the Royal Academy of Medicine 
in Madrid, and the University of Madrid. 
In November he was made an honorary 
professor of surgery at the University of 
Madrid. 


Recent Deaths 


SAMUEL H. ANDERSON, Wana- 
massa, N.J.; 76; retired physicist who 
served for 24 years at the Fort Mon- 
mouth Signal Corps Laboratory; 20 Dec. 

FRANK AYDELOTTE, Princeton, 
N.J.; 76; former director of the Institute 
for Advanced Study; 17 Dec. 

HOWARD M. GIFFT, Ithaca, N.Y.; 
48; professor of engineering and newly 
appointed dean of faculty at Cornell Uni- 
versity; 20 Dec. 

EDWARD HAMILTON, Morrisville, 
N.Y.; 48; assistant director of the State 
University Agricultural and Technical 
Institute; 20 Dec. 

ARTHUR C. MILLARD, Plainfield, 
N.J.; 57; engineer with the Bell Tele- 
phone Laboratories; 18 Dec. 

NICHOLAS H. SNYDER, Trenton, 
N.J.; professor of ceramics at Rutgers 
University; 18 Dec. 

ERWIN Von SCHLICHTEN, Sche- 
nectady, N. Y.; 49; assistant professor of 
psychology at Union College; 20 Dec. 

ALBERT E. WHITE, Ann Arbor, 
Mich.; 82; professor emeritus and former 
director of the Engineering Research In- 
stitute of the University of Michigan; 18 
Dec. 


Education 


The New York Medical College—Met- 
ropolitan Medical Center has announced 
the first American Post-Graduate As- 
sembly in Fertility and Sterility, to be 
held in New York City at the college 
and affiliated hospitals from 18 to 31 
May 1957. Emphasis in the course will 
be placed on the clinical aspects of hu- 
man infertility, including recent advances 
in diagnosis and therapy. A special fea- 
ture will be sessions devoted to methods 
and problems in the organization and 
administration of sterility clinics, serv- 
ices, and teaching programs. The pro- 
gram of the assembly will consist of 
lectures, demonstrations, round-tables, 
operative clinics—including culdoscopy 
and tubal surgery—ward rounds, and 
specialty-clinic case presentations. 

The course will be conducted by the 
department of obstetrics and gynecology, 
and is under the supervision of Abner I. 
Weisman, chief of the section of fertility 
and sterility. The faculty of the medical 
college and 18 guest professors from 
both North and South America will 
make up the teaching staff. 

The course has been primarily de- 
signed for those already interested in 
infertility. It will afford the opportunity 
for physicians from other parts of the 
world (particularly Canada and Latin- 
America) to learn American methods 
and discuss their specific problems with 
leaders in the field in the United States. 
Arrangements have been made for simul- 
taneous translation from English into 
Spanish for the benefit of the physicians 
from Latin-America. All schedules, lit- 
erature, and outlines of the course will 
be in both languages. 

The course has been arranged at the 
end of May to allow registrants to attend 
the annual meetings of the American 
Society for the Study of Sterility, the 
Endocrine Society, and the American 
Medical Association, which will be held 
in New York starting 31 May. Informa- 
tion and applications may be obtained 
from Dr. Ralph E. Snyder, Dean, New 
York Medical College, 1249 Fifth Ave., 
N.Y. 29, N.Y. Registration is limited, 
and the tuition is $150. 


® The X-Ray Diffraction Data Card File 
that is published by the American So- 
ciety for Testing Materials under the 
editorship of G. W. Brindley of Pennsyl- 
vania State University is now being of- 
fered to colleges and universities at an 
80-percent discount from the list prices. 
The discount is offered only on the basis 
that the card file will be used for class- 
room instruction. A certification to this 
effect will be necessary for the special 
discount to apply. 

ASTM acts as business agent for the 
Joint Committee on Chemical Analysis 
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by Powder Diffraction Methods, which 
has compiled data for the identification 
of approximately 5000 crystalline ma- 
terials by the Hanawalt method. The 
Joint Committee is sponsored by the 
American Crystallographic Association, 
the British Institute of Physics, the Na- 
tional Association of Corrosion Engi- 
neers, and ASTM. 

The data have been collected from 
industry, literature, and laboratories and 
are available on plain 3- by 5-inch cards, 
4- by 6-inch Keysort cards, and standard 
IBM cards. The Keysort cards have the 
Keysort coding around the border with 
holes punched but not notch coded. In- 
structions for coding are supplied with 
the Keysort cards, Literature and a 
schedule of prices may be obtained from 
the X-Ray Department, American So- 
ciety for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa. 


"The National Science Teachers Asso- 
ciation published the first issue of its 
new secondary-school publication, To- 
morrow’s Scientists, last October. This 
8-page bulletin is designed to bring to 
the junior- and senior-high-school stu- 
dent recent advances in the scientific 
fields, science activities for students, ca- 
reer and guidance information, student 
reports of projects that demonstrate a 
high level of achievement, science 
quizzes, and announcements of new sci- 
ence books. 

This publication will have six issues 
during the current school year. The sub- 
scription rate is 50 cents per subscription, 
with a minimum of five copies ($2.50) 
to any one address. For further informa- 
tion write to the editor, Robert H. Carle- 
ton, NSTA, 1201 16th St., Washington 
6, D.C. 


#A gift of $300,000 to Dickinson College 
for its development program has been 
made by C. Scott Althouse of Reading, 
Pa., textile researcher and president of 
the Althouse Chemical Company. The 
gift is specifically for a new science build- 
ing that is to cost $600,000. The college 
will seek to match Althouse’s contribu- 
tion with support from alumni, industry, 
and other sources. Ground will be broken 
next June. 


Grants, Fellowships, and Awards 


™The U.S. Public Health Service has 
just announced a grant of $75,000, re- 
newable for 3 years, to promote the train- 
ing of research scientists at the Jackson 
Memorial Laboratory, Bar Harbor, Me. 
The laboratory is well known for its re- 
search in the relation of heredity to can- 
cer and other diseases and is recognized 
as perhaps the major source of standard- 
ized animals for medical and biological 
research. 


66 


Recognizing the need for expert in- 
vestigators in these fields, the laboratory 
has for years devoted a part of its energies 
to the training of workers for its own use 
and for other institutions. These trainees 
have ranged from youngsters of high- 
school age to mature and established 
scientists seeking special training and ex- 
perience with the laboratory’s unique 
materials and methods. About 70 such 
“students” from all over the world have 
participated in the laboratory’s program 
each summer. A lesser number have 
stayed throughout the year. The USPHS 
grant will make possible significant im- 
provements in this program. 


™ The National Science Foundation has 
announced that 326 grants totaling $5,- 
963,724 were awarded during the quarter 
ending 30 Sept. 1956 for the support of 
basic research in the sciences, for con- 
ferences in support of science, for ex- 
change of scientific information, for 
training of science teachers, and for the 
support of attendance of scientists at sci- 
entific meetings abroad. This is the first 
group of awards to be made during fiscal 
year 1957. Since the beginning of the 
program in 1951, 2821 awards have been 
made totaling approximately $36 mil- 
lion. 


=The Southern Regional Education 
Board in Atlanta, Ga., has received a 
$460,000 grant from the Carnegie Cor- 
poration of New York as part of the foun- 
dation’s national program for rescarch 
and training in higher education. Car- 
negie has recently announced this and 
other grants totaling almost $2 million. 

Among the allocations described was a 
$150,000 grant to the College Entrance 
Examination Board that will enable the 
board’s commission on mathematics to 
address itself on a nation-wide scale to 
the problems of overhauling the mathe- 
matics curriculum, The national com- 
mission is composed of eminent mathe- 
maticians and educators. The results of 
the commission’s work will be made 
available to the authors and publishers 
of textbooks, and conferences will be held 
with secondary school teachers to ex- 
plain and gain support for the revised 
curriculum, 

This award is part of the foundation’s 
broad program to improve the teaching 
of mathematics. In 1955 it voted $300,- 
000 to the AAAS for its Science Teach- 
ing Improvement Program; then last 
spring Carnegie gave $277,000 to the 
University of Illinois for an experimental 
program for the improvement of mathe- 
matics courses in secondary schools. 

Still another of the new awards an- 
nounced is that of $150,000 to the Mil- 
bank Memorial Fund for a study of the 
social and psychological factors in fer- 
tility. This work will be undertaken by 
the Office of Population Research at 


Princeton University, which will investi- 
gate our tremendously increased birth 
rate and the re-emergence of the large- 
family pattern in this country. 


In the Laboratories 


™ Parke, Davis and Company has an- 
nounced that it has selected a 50-acre 
site in Ann Arbor, Mich., near the Uni- 
versity of Michigan, as the location for 
its new $10-million Medical Research 
Center. The new structure is expected to 
be completed by early 1959, and will 
supplement the firm’s present research 
facilities. Leon A. Sweet, vice president 
and director of research, heads the com- 
pany’s 400-member research staff. The 
number will increase substantially when 
the new research center is completed. 


"In a move to further expand its activi- 
ties in the broad field of forest products, 
the Borden Company’s Chemical Divi- 
sion has established a forest products 
research group for extensive, iong-range 
work. Its immediate objective is the de- 
velopment of resin and polymer products 
especially adapted to new applications. 
Borden’s will consider requests from in- 
dustry for specific research and will soli- 
cit cooperative work, in addition to pur- 
suing projects designed primarily to 
increase the company’s manufacturing 
and marketing potential. The new forest 
products research group will be headed 
by Dr. George Kitazawa, former research 
physicist for the Gillette Company. 


Arthur D. Little, Inc., has expanded 
its activities into the high-temperature 
field and is completing a solar furnace 
for such research. The staff has long been 
engaged in extreme low temperature re- 
search and the production of equipment 
for work within 8° of the lowest tem- 
perature possible; now it will also be 
working with temperatures of 3500°F. 

Peter Glaser is in charge of the devel- 
opment of a solar furnace of a design 
significantly different from that of exist- 
ing units. To be completed by the end of 
this year, it will serve as a model for 
others to be offered to other research 
laboratories in 1957. 


= The Argonne National Laboratory, Le- 
mont, Ill., has announced that the H. K. 
Ferguson Company of Cleveland, Ohio, 
has been selected as architect-engineer 
for the design of the Experimental 
Breeder Reactor II, which has been 
authorized as part of the Atomic Energy 
Commission’s 5-year program for the 
development of competitive electric 
power from nuclear energy. The sodium- 
cooled EBR-II will be built at the Na- 
tional Reactor Testing Station, and will 
be designed to produce 62,500 kilowatts 
of heat and 20,000 kilowatts of electricity. 
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Isolation from Human and Pork 
Lung of an Inhibitor of 
Virus Hemagglutination 


Aqueous extracts of egg white (1), 
blood-cell stromata (2), various animal 
tissues (3), and excretory fluids (4) are 
known to inhibit the hemagglutination of 
chicken red blood cells by influenza, 
mumps, and Newcastle disease viruses. 
Certain plant products such as apple pec- 
tin (5) will also inhibit viral hemagglu- 
tination. It is generally considered that 
the material responsible for inhibitor ac- 
tivity is a mucoprotein (3, 4, 6). How- 
ever, to the best of our knowledge, no 
information designed to elucidate the de- 
tailed chemistry of these inhibitors has 
been published. 

In an attempt to obtain sufficient ma- 
terial for studies that might help. to 
clarify:the chemistry of the virus-inhibi- 
tor substances, considerable material of 
a mucopolysaccharide nature and with 
high inhibitor activity was isolated from 
both human and pork lung (7). Attempts 
to increase the purity of our materials, 
however, led to the isolation of a sub- 
stance that, although it was not muco- 
polysaccharide in nature, was apparently 
responsible for the inhibitory activity of 
our crude material, The substance was 
found to contain phosphate, but not sul- 
fate. Incubation of this substance with 
allantoic fluid containing PR8 virus re- 
sulted in a loss of activity, together with 
a liberation of free phosphate. The Salk 
method (8) was used to measure inhibi- 
tor activity. 

Three pairs of fresh, normal human 
lungs were cut into small pieces, dipped 
in Celite, passed through a mechanical 
grinder, covered with acetone, and stored 
at —25°C overnight. The acetone was 
removed by filtration on a Buchner fun- 
nel, and the solid residue was extracted 
with 3-percent ammonia water for 1% 
hour at 60°C. The inhibitor material 
was separated by filtration through Celite 
on a Buchner funnel, and the pH of the 
filtrate was adjusted with acetic acid to 
approximately 7. The precipitate that 
formed was removed by centrifugation, 
redissolved in 200 ml of 3-percent am- 
monia water, filtered, adjusted to pH 7 
with acetic acid, and centrifuged. The 
supernatant fluids containing material 
soluble at pH 7 were combined, and six 
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volumes of absolute ethanol were added. 
The precipitate was collected by cen- 
trifugation. Weight, 52 g; activity, 4 ug 
inhibited two units of PR8 virus. 

The biologically active precipitate was 
dissolved in distilled water containing a 
few drops of 10-percent ammonia water 
(pH 7 to 8), and the protein was re- 
moved by shaking the solution a number 
of times with a 1/4 mixture of amyl 
alcohol and chloroform after the man- 
ner of Sevag (9). The mixture was cen- 
trifuged to break the emulsion, the clear 
aqueous layer was acidified (pH 6 to 7) 
with acetic acid, and the active material 
was precipitated by the addition of six 
volumes of absolute ethanol. The pre- 
cipitate was washed several times with 
absolute ethanol and with ether, then 
dried at room temperature under a high 
vacuum. Weight, 20 g; activity, 1 ug in- 
hibited two units of PR8 virus. 

The dried powder was extracted with 
25 ml of formamide and filtered, and the 
active material was precipitated from the 
formamide solution by the addition of 
200 ml of absolute ethanol and 25 ml 
of ether. The precipitate was washed 
with absolute ethanol and with ether. 
Weight, 2 g; activity, 0.1 ug inhibited 
two units of virus. 

The inhibitor substance was further 
purified by dissolving it in 50 ml of dis- 
tilled water acidified with acetic acid 
(pH 6 to 7) and adding a saturated solu- 
tion of lead acetate drop by drop until 
precipitation was complete. The pre- 
cipitate was collected by centrifugation 
and washed twice with distilled water. 
Weight, 200 mg. 

One gram of this lead salt was stirred 
with 10 ml of a freshly prepared 3-per- 
cent solution of ammonium sulfide, and 
the mixture was centrifuged and filtered 
through a fritted glass filter. The excess 
ammonium sulfide was removed by 
warming the solution under reduced 
pressure at 30 to 35°C. Ten milliliters 
of absolute ethanol were added to the 
solution, which was then filtered. After 
the addition of 10 ml of ether, the solu- 
tion was allowed to stand at 0°C over- 
night. Additional material could be 
obtained by recycling the insoluble frac- 
tions. 

The precipitate was collected by cen- 
trifugation, washed with ethanol and 
ether, dissolved in 10 ml of distilled 


water, and treated with 10 ml of a satu- 
rated solution of calcium hydroxide. The 
ammonia was removed by cautiously 
warming at 40°C under reduced pres- 
sure, The excess calcium hydroxide was 
removed by treating the solution with 
carbon dioxide gas and then filtering. 
The calcium salt precipitated as an 
amorphous powder on the addition of 
five volumes of ethanol. Weight, 600 mg; 
activity, 0.01 ug inhibited two units of 
virus. A crystalline product could be ob- 
tained by adding absolute ethanol to 
turbidity and allowing the solution to 
stand for several days at 4°C. Elemental 
analyses (10) showed: C, 43.34; H, 5.37; 
N, 12.01; P, 2.37; and Ash (as sulfate) 
10.11 percent. Optical rotation; [a]**p, 
— 33° (H,O, C, 0.1). 

An ammonium salt could be prepared 
by treating the calcium salt with am- 
monium carbonate, adding an equal vol- 
ume of ethanol, filtering, and then adding 
ether until precipitation occurred. 

Both salts gave a positive test with the 
Molish and anthrone (1/) reagents, re- 
duced Fehlings solution after but not be- 
fore hydrolysis, and gave negative xan- 
thoproteic, Millon and ninhydrin tests 
for amino acids. The biuret test was posi- 
tive. The test for hexosamine (/2) was 
positive after hydrolysis. The substance 
was stable at pH 8 to 9 but readily lost 
biological activity at pH 4 to 6. The 
ultraviolet absorption spectrum showed 
a maximum at 260 mu. The infrared 
spectrum showed absorption at 3.0, 6.05, 
and 6.45 pn, which may be considered to 
indicate the R—CO—NHR’ grouping 
(13). Electrophoretic analysis showed 
one component at pH 8. At pH 4, how- 
ever, after 15 minutes, four components 
were observed. We consider this to be 
due to degradation at low pH. No inhibi- 
tion of the infectivity of PR8 virus in the 
chick embryo could be found. 

When pork lung (/4) was subjected 
to the afore-mentioned isolation proce- 
dure, the material, so far as could be 
ascertained by a comparison of biological 
activity, chemical, electrophoretic, and 
infrared analysis, was the same as that 
obtained from human lung. The approxi- 
mate yield, in both cases, was 100 mg 
from 10 kg of fresh lung. 

F. A. H. Rice* 
Mary B. StEvENS 
Department of Microbiology, 
Johns Hopkins University, 
Baltimore, Maryland 
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Concentration of Visual Purple in 
a Retinal Rod of Rana pipiens 


The density of the photosensitive pig- 
ment in the distal segments of the retinai 
rods and cones determines the effective- 
ness of radiation incident upon the retina 
in evoking a visual response. Only the 
light that is absorbed by the pigment in 
the visual cells can be effective in initi- 
ating a visual stimulus. Since there are 
significant losses of light in the trans- 
parent media of the refractive apparatus 
and in the neural layers of the retina, it 
is of importance to know what portion 
of the light that finally reaches the distal 
segments will be absorbed. This can be 
evaluated by a knowledge of the density 
of the pigment within the distal seg- 
ments of the retinal rod. 

Several methods have been applied to 
the determination of the density of visual 
purple in the distal segment of the retinal 
rod. One procedure has been to deter- 
mine the maximum amount of pigment 
that is extractable from a known number 
of retinas and to estimate how much light 


this quantity of pigment would absorb if 
it were dispersed in an area correspond- 
ing to the retinal distribution of rods (1). 
A second method is to estimate the total 
visual pigment in the outer limb by meas- 
uring the minimum molecular weight per 
chromophore and computing the total 
content by assay of the carotenoid com- 
ponent (2, 3). An additional and com- 
pletely unreiated method is to compare 
the scotopic luminosity curve and the 
spectral absorption curve of visual purple 
as used by Hecht e¢ al. (4) in order to 
estimate the absorption by rod segments 
in the retina. 

A more direct method is to assay the 
extracted visual purple and to reduce the 
data to the dimensions of a single distal 
rod segment, as was attempted by Broda 
et al. (5) and Denton (6). The problem 
of light absorption in the distal segments 
has become increasingly important in the 
consideration of the mechanism of the 
initiation of visual response. 

In the series of estimations reported 
here (7), Rana pipiens were used. The 
animals were adapated to the dark for 
24 hours, the eyes were removed and 
sectioned, retina and pigment layer were 
removed, and the pigment layer was 
separated from the retina. The retinas 
were washed in Ringer’s solution and 
then very gently shaken in it. This served 
to detach the distal segments of the rods. 
The rod segments were separated from 
the remainder of the retinal debris by 
straining through fine wire mesh and re- 
covered from the Ringer’s solution by 
low-speed centrifugation. The accumu- 
lated rods were resuspended in a known 
volume of Ringer’s solution, and the total 
number of rod segments in the solution 
was estimated by means of a hemocy- 
tometer (Table 1, column 3). The visual 
purple was extracted in 5 ml of digitonin 
solution after the suspended rod _ seg- 
ments had been collected by centrifuga- 
tion at high speed. The absorption spec- 
trum of the resulting solution was meas- 
ured with a Beckman DU spectropho- 
tometer. The density at 500 mw is given 
in Table 1, column 4. The residue re- 
maining after the centrifugation of the 
first digitonin extract was extracted a 


Table 1. Density of visual purple in retinal rods. The concentration factor is 0.1102 x 10°; 
the computed density of the pigment in the rod segment along the axis (density per rod) 
(factor) is 0.642; and the density per micron along rod axis is 0.012. 


Optical 
density Density per & 
eo sa Number of Mutekend at 500 mu single rod in 
No retinas — for 1-cm 5-ml solution 
depth of at l-cm depth 
solution 
1 25 4.06 x 10° 0.256 | 0.063 x 10° 
2 100 18.175 x 10° 1.049 0.058 x 10° 
3 100 26.18 x 10° 1.410 0.054 x 10° 
Av. 0.0583 x 10° 
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second time with fresh digitonin, but it 
did not contain a measurable quantity of 
visual purple. 

The dimensions of the distal segments 
of the rods were measured by means of 
an ocular micrometer. Fifty separate 
measurements gave an average length of 
52.1 w and a diameter of 7.6 u. From 
these figures, the cross-sectioned area of 
a single rod was computed to be 45.36 2. 

Since the number of rod segments in 
each preparation is known, the contri- 
bution of a single rod segment to the 
density of the total visual purple solution 
can be computed. This is shown in Table 
1, column 5. 

Assuming that Beer’s law is valid over 
the ranges of concentration encountered, 
we can estimate the density of the visual 
purple in a single rod segment by re- 
ducing the cross-sectional area of the 
solution to that of a single rod. Since the 
density of the solution for a depth of 1 
cm is known from direct measurement, 
this manipulation is in effect equivalent 
to computing the density of the solution 
when its cross-sectional area is equal to 
that of a single rod and when its depth is 
permitted to increase until the volume is 
identical with that of the original 5-ml 
extraction, This procedure yields a con- 
centration. factor by which the contribu- 
tion of a single rod segment to the den- 
sity is multiplied to yield the density of 
pigment in a distal segment of the rod. 
The concentration factor and the com- 
puted density of the visual purple in the 
rod segment are shown in Table 1. The 
density of pigment in the rod segment is 
0.642 at a depth equivalent to the axial 
length of the rod, 52 ", and the density 
per micron along the axis of the rod is 
0.012. 

This value is higher than that reported 
by Broda et al. (5) or that computed by 
Hubbard (3), and it is of the same order 
of magnitude as that reported by Denton 
for another species of frog (6). Since this 
method of assay requires the solubiliza- 
tion of the pigment, the unavoidable 
losses during processing mean that these 
are minimal values. In addition, if the 
distal segments of the rod are not re- 
moved intact, there must be a portion 
of the visual pigment which remains in 
the retinal layers. The density per micron 
depth of a distal segment of a rod is a 
more general and useful value and is 
obtained by using the value of 52.1 « for 
the length of the segments analyzed. This 
value of 0.01233 per micron is also shown 
in Table 1. 

An additional consideration in esti- 
mating the maximal absorption by visual 
purple in a single rod is the degreee of 
orientation of the anisotropic molecules 
(8). The absorption of unpolarized light 
by a solution of randomly oriented aniso- 
tropic molecules would be lower than 
that of a rod that consisted of a series 
of parallel planes of optically oriented 
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molecules in which the axes of the suc- 
cessive planes were randomly oriented, 
but would be greater than that of a case 
in which the optical axes of the planes 
were all parallel. The latter situation 
places an upper limit on the absorption 
by the completely oriented element of 
50 percent of the incident light. Until 
the detailed orientation of the visual 
purple molecules is known, this question 
cannot be resolved. 

A density of 0.642 in the distal seg- 
ment of the rod means that approxi- 
mately 75 percent of the light incident 
on the rod segment is absorbed if its 
path is parallel to the axis of the rod 
segment. However, the retinal rods do 
not occur on the optical axis but are 
distributed peripherally. As a result, a 
beam of light which is less than the 
diameter of a rod in cross section may 
follow a path that will intersect several 
rods despite the curvature of the retina 
in the optic cup. If the beam falls at such 
an angle that it traverses the longest 
diagonal axis of a single rod, the prob- 
ability of absorption would increase, for 
the path length through the rod is 
greater, and a somewhat thicker layer of 
photosensitive pigment would be tra- 
versed. In this case, the absorption would 
‘be 80 percent. If the beam intersected a 
closely packed, parallel bundle of rod 
segments at an angle of 45°, the’ ab- 
sorption would be nearly 90 percent. 
Therefore, in species possessing a fovea, 
peripheral vision not only has the ad- 
vantage of the higher absorption because 
of higher pigment concentration but also 
has the increased possibility of light 
gathering by the obliquity of the incident 
light. 

As shown by Hecht et al. (4), a single 
quantum hit in each of only a small 
number of rods is required to produce 
a visual sensation in man at threshold. 
With absorptions by the individual ele- 
ments of this order of magnitude or even 
considerably lower in the case of the 
mammalian eye, as suggested by Hub- 
bard (3), the probability is high that 
the effective photochemical event will 
occur in the surface region of the re- 
ceptor cell and that the resulting acti- 
vated products will be in the optimal 
position for the initiation of the process 
that leads to membrane asymmetry and 
the initiation of an impulse, if indeed 
it can be assumed at this time that a 
mechanism as direct as this is involved 
in the initiation of the impulse. 

James C. PESKIN 
Department of Biology, University 
of Rochester, Rochester, New York 
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Radiocarbon Age Estimates 
Obtained by an Improved 
Liquid Scintillation Technique 


The physical and chemical techniques 
used in our laboratories for radiocarbon 
dating have already been described (J, 
2). The purpose of this work is to indi- 
cate an important modification in 
method and to report on the samples 
measured to this time (3). 

In the liquid scintillation method of 
radiocarbon dating, the sample carbon is 
introduced into the sensitive volume as 
the solvent component of the scintillator 
or as a Suitable diluent. Because of the 
low energy of the C1 beta spectrum and 
the resultant feeble light pulses, it is 
necessary to use a scintillator with as 
high a fluorescence efficiency as possible. 
This is particularly important for a sin- 
gle-channel counter used at ambient tem- 
peratures. We therefore first attempted 
the synthesis of the solvent component 
of the liquid scintillator from sample 
carbon (/), for this insures maximum 
luminescence output in the final scin- 
tillator solution. 

On the other hand, for routine opera- 
tion, the complexity of the chemical syn- 
theses of such solvents as toluene and 
xylene suggests the use of an appropriate 
diluent whose chemical synthesis is less 
involved, and whose presence in the 
liquid scintillator does not appreciably 
reduce the luminescent output. In an 
earlier report (2), we showed that meth- 
anol could be used as a diluent in a liquid 
scintillator for the detection of natural 
radiocarbon with a 30-percent efficiency. 
An examination of Fig. 1 in that report 
shows, however, that labeled carbon con- 
centrations of greater than 0.1 g/ml of 
scintillator are not feasible, for then the 
C14 spectrum and the photomultiplier 
noise spectrum overlap too markedly. A 
specially selected K1190 photomultiplier 
was uscd in this work. Subsequently, 
three of six C467 Dumont tubes tested 
have been found to give approximately 
the same low noise level as this selected 
experimental tube. 

Recently (4) it has been shown that 
the use of naphthalene as the second sol- 
vent reduces the quenching action of 
many materials in liquid scintillators. 


Using this technique, we were able to 
introduce appreciable quantities of tri- 
methyl borate (5) into a liquid scintil- 
lator without seriously affecting the effi- 
ciency of fluorescence. Since the methyl 
borate can be prepared quite readily 
from methanol, the possibility of its use 
as the labeled component for routine 
radiocarbon dating has been investi- 
gated. 

The preparation of methanol from 
sample carbon was performed by proce- 
dures already described (2). The con- 
version of the methanol to methyl borate 
was accomplished by a modification of a 
procedure of Schlesinger et al. (6). In 
principle, the method involved the esteri- 
fication of boric oxide with methanol and 
the separation of the resultant azeotrope. 
In a typical synthesis, 18.80 g (0.59 
mole) of methanol was placed in a 
100-ml flask fitted with a semimicro 
fractionating column, and 13.72 g of 
finely powdered boric oxide was added 
in four portions through a side arm. Fol- 
lowing the addition of each portion, the 
contents of the reaction vessel were re- 
fluxed gently. Upon completion of the 
addition, the reaction mixture was re- 
fluxed a further 2 to 3 hours. The con- 
tents were then distilled through the 
column, and the methanol-methyl borate 
azeotrope was collected in a receiver im- 
mersed in dry ice. The azeotrope was 
then separated by rapid addition of 4.2 


RELATIVE PULSE HEIGHT 


1 
° 0.06 0.12 0.18 024 


DILUENT CONCENTRATION (9.C*/ce scintillator) 


Fig. 1. Dilution curves showing pulse 
height, relative to anthracene at 100, as 
a function of diluent concentration ex- 
pressed as grams of labelled carbon per 
milliliter of scintillator. A, Diluent metha- 
nol in solution of 4 g/lit of terphenyl and 
0.1 g/lit of 1,4 di-2-(5-phenyloxazoly]) - 
benzene in xylene; B, diluent methyl bo- 
rate in solution of 3 g/lit of phenylbi- 
phenylyloxadiazole, and 70 g/lit of naph- 
thalene in xylene. 
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g of dried anhydrous lithium chloride. 
The flask was vigorously agitated until 
two liquid layers were formed. The top 
layer, consisting of almost pure methyl 
borate, was separated in a micro separa- 
tory funnel. Further purification con- 
sisted of a distillation through a semi- 
micro fractionating column, followed by 
a second lithium chloride separation, and 
finally a further fractional distillation. A 
boiling range of 67.5 to 68.5°C was ob- 
served, and a yield of 71 percent was 
obtained. The remaining methanol could 
be recycled for a further synthesis if re- 
quired. 

For comparison, the dilution curve for 
methyl borate is shown in Fig. 1. It is 
evident that despite the initially lower 
luminescence efficiency of the 2-pheny]- 
5-(4-biphenyly]) -1,3,4-oxadiazole (PBD) 
(3 g/lit), naphthalene (70 g/lit) scin- 
tillator, at C* concentrations greater 
than 0.03 g/ml this solution is superior 
to the methanol diluent. For methanol in 
a 20-ml cell, a net C!4 counting rate of 
7.39 + 0.08 count/min over a background 
of 8.18+0.05 count/min was the opti- 
mum counting rate obtained for contem- 
porary carbon (2). For methyl borate 
with the same scintillator volume, we 
have realized a net C1* counting rate of 
10.07+0.08 count/min over a_back- 
ground of 4.26+0.04 count/min. This 
improvement represents an extension in 
the range of the method of roughly 5000 
years. 

To date, six documented samples have 
been dated in our laboratories. The 
documentation was provided by the col- 
lector and is briefly summarized in Table 
1. One sample (S-4) was dated by the 
methanol method because of the limited 
amount of sample available. The others 
were converted to trimethyl borate be- 
fore counting. In each case, the unknown 
sample and the background dummy con- 
taining petrochemical carbon were alter- 
nated every 24 hours, thus bracketing 
each sample with two background counts, 
This procedure was facilitated by the use 


of two identical cells that had previously 
been carefully investigated for differences 
in radioactive content. The age assigned 
to any sample is the average age as de- 
termined by two 24-hour counts. The 
error assigned to any age is the statisti- 
cal counting error. The results are sum- 
marized in Table 1. 

Samples S-3 and S-4 have significance 
as part of a study by R. Lougeee of post- 
glacial upthrusts on glacial seashores on 
either side of the Atlantic Ocean. Ac- 
cording to N. R. Gadd, samples of 
wood from sample S-17 have previously 
been dated 11,050+400 years by J. L. 
Kulp at Lamont Geclogical Observatory 
(sample L-190A), older than 30,840 
years at Yale University (sample Y-242), 
and older than 40,000 years at the U.S. 
Geological Survey (sample W-189). 

Samples S-6 and S-7 have been re- 
ported as greater than 38,000 years by 
the U.S. Geological Survey. Our results 
on samples S-6 and S-7 can be considered 
to be in good agreement with those ob- 
tained by other methods, but N. R. 
Gadd (7) suggests that geologic evi- 
dence would indicate that our sample 
S-17 should be much older than reported, 
and similar in age to samples S-6 and 
S-7. 

Our experience with the afore-men- 
tioned methods indicates that they are 
suitable for routine use in radiocarbon 
age estimates and offer certain attractive 
advantages in terms of simplicity of 
operation over other suggested scintilla- 
tion techniques (8). 

These methods also have sufficient ac- 
curacy to make them attractive in com- 
parison to gas-counting techniques (9). 
The chemical syntheses of methyl borate 
are relatively simple. The electronic 
equipment is also of minimum complex- 
ity and avoids the use of anticoincidence 
equipment or refrigeration. However, in 
common with all other methods, prob- 
lems of electronic drift and sample con- 
tamination may reduce the over-all pre- 
cision below the statistically quoted lim- 


Table 1. University of Manitoba radiocarbon dates. 


Description Sample No. Age (yr) 
Baie St. Catherine, Quebec. Driftwood from 13 to 20 ft S-4 3150 + 130 
below Mic Mac Terrace. Collected by R. Lougee, depart- 
ment of geography, Clark University. 
Amherst, Nova Scotia. Stump from drowned forest in Bay S-3 5300 + 150 


of Fundy near Amherst. Collected by R. Lougee. 


Missinaibi River, Ontario. Wood from a flat horizon of S-6 


29,000 + 1500 


Missinaibi River area, from mouth of the Soweska River. 
Collected by O. L. Hughes, Geological Survey of Canada. 


Missinaibi River, Ontario. Peat from the same area as S-7 38,500 + 3500 
sample S-6. Collected by O. L. Hughes. 

St. Pierre-les-Becquets, Ontario. Wood. Collected by N. S-17 20,200 + 800 
R. Gadd. 

Edmonton, Alberta. Alberta wood from the upper till of 8-15 21,600 + 900 


the Edmonton district. Collected by C. P. Gravenor, depart- 


ment of geology, University of Alberta. 
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its. Increasing the scintillator voiume 
would be expected to yield a higher 
precision but would necessitate the use 
of larger specimens and larger-scale syn- 
theses. 
R. W. Princie* 
W. TurRcHINETZ} 
Physics Department, University of 
Manitoba, Winnipeg, Canada 
B. L. Funt 
S. S. Danytukt 
Department of Chemistry, 
University of Manitoba 
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Acetylrhodopsin 


The photosensitive pigment of rod 
vision, rhodopsin, is a chromoprotein 
composed in equimolar parts of the pro- 
tein opsin and the carotenoid retinene 
(1). During the course of an investiga- 
tion of some of its chemical properties, 
a successful attempt was made to acety- 
late rhodopsin. The acetylated pigment 
possesses spectral and _ photosensitive 
properties essentially identical with those 
of rhodopsin. Once bleached, however, 
the modified protein does not regenerate 
in the presence of the neo-b isomer of 
retinene as does bleached rhodopsin (2). 
The object of this paper is to describe 
the preparation and some of the prop- 
erties of acetylated rhodopsin (3). 

Cattle rhodopsin was prepared by 
methods previously described (4, 5). It 
was purified further by passage through 
columns of mixed-bed, ion-exchange 
resins, which remove amino acids and 
peptides in addition to other impurities 
of low molecular weight (6). 

The optical properties of rhodopsin 
provide a useful index of purity. The ab- 
sorption spectrum in aqueous digitonin 
solution has maxima at about 498 and 
350 mp, associated with the carotenoid 
chromophore, and a sharp peak at 278 
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mw because of the protein opsin (7). A 
minimum occurs at about 400 mu. Since 
most impurities tend to raise the ab- 
sorption at short wavelengths, the lower 
the ratios of the optical densities at 278 
and 400 mu to the density at 500 mu 
(278/500 and 400/500 ratios), the purer 
in general is the preparation. In the best 
preparations, these indices have the fol- 
lowing values: 400/500 ratio, 0.22 to 
0.26; 278/500 ratio, 2.1. 

The optical density at 500 mp can be 
used also to determine the concentration 
of cattle rhodopsin, for its molar extinc- 
tion is known to be 40,600 (8). The con- 
centration of acetylrhodopsin was simi- 
larly determined, using, however, the 
extinction coefficient of rhodopsin. The 
coincidence of position and shape of the 
500 my band of the two proteins is taken 
as sufficient evidence for the equivalence 
of their coefficients (see Fig. 1). 

Rhodopsin was acetylated by the 
method of Fraenkei-Conrat (9). To 
solutions of rhodopsin in 1-percent digi- 
tonin, half-saturated with sodium acetate 
and chilled to 0°C, acetic anhydride (99 
percent pure) was slowly added (3.0 
ml/g of protein) during 1 hour. On the 
average, the rhodopsin solutions con- 


, tained about 6 mg of protein in a final 


concentration of about 0.3 percent. After 
this treatment, the protein was dialyzed 
for 2, to 5 days at 4°C against large 
volumes of distilled water, previously 
adjusted to pH 7 with 1M sodium hy- 
droxide. This procedure is known to 
acetylate free amino, sulfhydryl, and 
phenolic hydroxyl groups of proteins 
(9; 10). 

The free amino groups of rhodopsin 
before and after acetylation were deter- 
mined by the ninhydrin method (1/1), 
using alanine as standard. It should be 
pointed out that in this procedure the 
protein is denatured by heat. The per- 
centage acetylation is based therefore on 
the free amino groups of the denatured 
and hence bleached protein—that is, de- 


natured opsin—not on those of native 
rhodopsin. 

Acetylation had no significant effect 
on the absorption spectrum of rhodopsin. 
Neither the positions of the absorption 
bands in the spectrum nor their relative 
optical densities were markedly altered. 
This is indicated in Table 1. The intro- 
duction of acetyl groups on the protein 
apparently does not disturb significantly 
the nature of the opsin-retinene rela- 
tionship; it leaves retinene attached to 
acetylated opsin in such a way that the 
characteristic 500 mu band of the chro- 
mophore remains unaltered (Fig. 1). 

An average of 13 amino groups per 
molecule was found in denatured rho- 
dopsin (Table 1). This is a small num- 
ber for a protein of molecular weight 
about 40,000 (7) and may account in 
part for its insolubility in the absence of 
solubilizing agents. About 74 percent of 
the amino groups were acetylated by our 
procedure. This is the usual result ob- 
tained with this method (10, 12). No 
attempt has yet been made to prepare 
partially acetylated rhodopsins. 

Although acetylation had no measur- 
able effect on the absorption spectrum of 
rhodopsin, it abolished the capacity of 
rhodopsin to regenerate after bleaching. 
Ordinarily, bleached rhodopsin regener- 
ates readily on the addition of neo-b 
retinene and incubation in the dark (2). 
The regeneration of acetylated rhodopsin 
after bleaching was tested immediately 
after acetylation but before dialysis. The 
solutions therefore contained about 2.5M 
sodium acetate; for this reason, the com- 
parison solutions of rhodopsin were 
brought to the same salt concentration. 
It is known that the regeneration of rho- 
dopsin is optimal at about pH 6.5 (5); 
but since this property might have been 
altered by acetylation, the acetylated 
preparations were tested over a range of 
pH from 4 to 7.5. In each case, rho- 
dopsin and the acetylated pigment were 
bleached in orange (nonisomerizing) 


Table 1. Extent of acetylation of free amino groups in rhodopsin. 


Optical density ratio Acetylation 
Free amino of free 
Experi- : roups per amino 
rein Preparation 400 mu 278 my mole* (No.) groups 
No. 500 mu 500 mu (%) 
1 Rhodopsin 0.330 2.83 
1 Acetylrhodopsin 0.290 y 
2 Rhodopsin 0.270 2.73 
2 Acetylrhodopsin 0.276 2.59 
3 Rhodopsin 0.273 2.44 14.5 
3 Acetylrhodopsin 0.266 2.38 3.9 73 
4 Rhodopsin 0.266 pA 11.1 
+ Acetylrhodopsin 0.283 2.8 74 
5 Rhodopsin 0.245 2.90 11.5 
6 Rhodopsin 0.251 2.71 12.3 


* These determinations involve the denatured and hence bleached pigment, not native rhodopsin or 


acetylated rhodopsin. 
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Fig. 1. Absorption spectra of rhodopsin 
and acetylated rhodopsin (22.5°C, pH 
6.5), 


light, neo-b retinene in digitonin solu- 
tion was added in excess, and the mix- 
tures were incubated in the dark at 25°C 
until all changes were complete. 

The results of a typical experiment 
are as follows. At pH 6.5, the rhodopsin 
blank regenerates 83 percent; at pH 4.0, 
5.0, 6.5, and 7.5, the acetylated rho- 
dopsin regenerates 6.0, 7.0, 5.0, and 5.0 
percent, respectively. It is apparent that 
under conditions in which rhodopsin re- 
generates 83 percent, acetylated rho- 
dopsin indicates only a trace of regen- 
eration, perhaps to be ascribed to traces 
of lightly acetylated or unacetylated pig- 
ment. Dialysis at 4°C against distilled 
water to remove the sodium acetate did 
not alter this relationship, although it 
did markedly decrease the regeneration 
of unacetylated rhodopsin. 

Acetylated rhodopsin is very much 
less stable than the unacetylated pig- 
ment, When it is stored at 4°C in the 
dark, almost all the acetylated pigment 
is bleached within 2 weeks, though a 
similar rhodopsin solution is stable under 
the same conditions. 

How can one explain that acetylation, 
though it does not affect the relationship 
between opsin and its chromophore in 
rhodopsin, prevents regeneration after 
bleaching? The native structure of rho- 
dopsin, like that of other proteins, is 
probably maintained in part by a net- 
work of internal hydrogen bonds and 
also by the attachment of the prosthetic 
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group, for rhodopsin is much more stable 
than opsin (/3). If, as seems likely, 
acetylation removes numbers of amino 
groups that formerly had been engaged 
in hydrogen bonding, this would loosen 
the structure of the protein, making it 
more susceptible to denaturation. Pre- 
sumably, the structure in the neighbor- 
hood of the prosthetic group is still in- 
tact, as evidenced by the unchanged 
optical properties. The bleaching process, 
by dissociating the prosthetic group, re- 
moves a further stabilizing influence, and 
the liberated acetyl opsin readily de- 
natures. 

Genta ALBRECHT 
Biological Laboratories, Harvard 
University, Cambridge, Massachusetts 
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‘Route of Elimination of 
Anthracene and 9-Methylanthracene 
Involving Protein Binding 


The emphasis of current research on 
the mechanism of carcinogenesis has 
been on the binding of the carcinogen 
‘or its metabolites with tissue protein. 
The relationship between binding and 
‘carcinogenic potentiality has been stud- 
ied by changing the chemical agent (for 
example, carcinogenic, weakly carcino- 
‘genic, and noncarcinogenic agents, azo 
‘dyes, polynuclear hydrocarbons, an aro- 
matic amine, and an acridine), and the 
tissue (for example, liver of rat, mouse, 
‘guinea pig, rabbit, cotton rat, and 
‘chicken; and skin of mouse, hamster, 
rat, rabbit, and guinea pig). 

From their correlations with azo dyes, 
Miller and Miller proposed a protein- or 
enzyme-deletion theory of carcinogenesis 
(1, 2). These authors considered not 
‘only the maximum value of protein bind- 
ing but also the rates of increase and de- 
‘crease of the maximum (2). Following 
ithe demonstration that the carcinogens 
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3,4-benzpyrene (3) and 1,2,5,6-dibenz- 
anthracene (4) were bound to mouse- 
skin protein, three groups reported on 
the relationship between skin protein 
binding of hydrocarbons and the car- 
cinogenic potential of the hydrocarbon- 
tissue combination. Moodie, Reid, and 
Wallick concluded that noncarcinogens 
are either not bound to protein at all 
or are much more weakly held than are 
carcinogens (5). Woodhouse (6) found 
no relationship between protein binding 
and carcinogenic potentiality. Heidel- 
berger and Moldenhauer (7) found a 
positive relationship between the max- 
imum value of protein binding and car- 
cinogenic potential in seven out of eight 
instances. 

It was established that the binding 
of 9,10-dimethyl-1,2-benzanthracene-9,- 
10-C14 with mouse-skin protein was de- 
pendent on the dose of carcinogen per 
unit area of skin and related to the 
weight response of the treated skin (8). 
This study has now been extended to 
several hydrocarbons, each of which was 
applied in a series of graded doses (9). 
A significant difference was observed in 
the rates of elimination from mouse-skin 
protein between two trinuclear hydrocar- 
bons and two tetranuclear hydrocarbons. 
Twenty-four hours after application to 
mouse skin, the protein binding of an- 
thracene-9,10-C1* (a noncarcinogen) and 
of 9-methylanthracene-9,10-C14 (a non- 
carcinogen) (Tables 1 and 2) was shown 
to be much lower than the protein bind- 
ing of 9,10-dimethyl-1,2-benzanthracene- 
9,10-C14* (8) (a potent carcinogen) and 
of 1,2-benzanthracene-9,10-C!* (10) (a 
weak carcinogen, //). 

The relatively rapid elimination of an- 
thracene-9,10-C1* and of 9-methylanthra- 
cene-9,10-C'* might have taken place 
through a transient protein-bound phase 
or might not have involved any appre- 
ciable protein binding. The previous ob- 
servations (8, 10) with the series of 
graded doses showed binding to be dose- 
dependent and hence suggested that 
measurements made within 24 hours 
after the application of the highest dose 
would be necessary to detect a transient 
protein-bound phase. 

The experimental procedure has been 
described (8). The data (Tables 1 and 
2) demonstrate that the relatively rapid 
elimination of anthracene-9,10-C14 and 
9-methylanthracene-9,10-C14 from mouse 
skin involve a transient protein-bound 
phase of at least the same order of 
magnitude as that observed with 9,10- 
dimethyl- 1,2-benzanthracene -9, 10-C14, 
Thus, the maximum value of protein 
binding is independent of the carcino- 
genic activity and structure of the hydro- 
carbon. Data were obtained by feeding 
rats the five azo dyes 3’-methyl-4-di- 
methylaminoazobenzene, 4-dimethylami- 
noazobenzene, 4’methyl-4-dimethylami- 
noazobenzene, 3-methyl-4-monomethyl- 


Table 1. Incorporation of radioactivity 
by mouse skin following the application 
of anthracene-9,10-C™“ (0.208-percent 
series). Each determination was made on 
the pooled tissues of four mice. Each dose, 
104 wg (1860 x 10° count/min) was ap- 
plied over 3.46 cm?* of skin. The analyzed 
dose was 76.3 ug (1365 x 10* count/min) 
of hydrocarbon over 2.54 cm? of skin. 
Each result is the average of two determi- 
nations. 


Total 
Time activity 
after of whole 
appli- homoge- 


Specific activity 
(count/min mg) 


Particu- Super- 


cation nate 
(hr) (count/ late natant 
min) protein protein 


0.5 414,000 543 1150. 
17 62,800 205 667 
24 42,100 76 157 


aminoazobenzene, and 2-methyl-4-di- 
methylaminoazobenzene. The last three 
dyes were of low carcinogenic potenti- 
ality, and two of these three experiments 
did not support a positive relationship be- 
tween carcinogenicity and extent of bind- 
ing with liver protein (2). The results 
with the polynuclear hydrocarbons differ 
from the azo dye data (2); no positive 
relationship was established between the 
rate at which the maximum of protein 
binding was attained and carcinogenic 
potential. Also in contrast with the azo 
dyes—specifically the very weakly carci- 
nogenic dyes 2-methyl-4-dimethylamino- 
azobenzene and 3-methyl-4-monomethyl- 
aminoazobenzene (2)—the protein bind- 
ing of anthracene and of 9-methylanthra- 
cene receded faster from their observed 
maxima than the protein binding of 9,- 
10-dimethyl-1,2-benzanthracene and 1,- 
2-benzanthracene, 

Thus there is no experimental demon- 


Table 2. Incorporation of radioactivity 
by mouse skin following the application 
of 9-methylanthracene-9,10-C™ (0.225- 
percent series). Each determination was 
made on the pooled tissues of four mice. 
Each dose, 113 ug (1860 x 10° count/min) 
was applied over 3.46 cm? of skin. The 
analyzed dose was 83.7 wg (1365 x 10° 
count/min) of hydrocarbon over 2.54 cm? 
of skin. Each result is the average of two 
determinations. 


Total 

Time activity 
after of whole 
appli- homoge- 


Specific activity 
(count/min mg) 


Particu- Super- 


cation nate 
(hr) = (count/ late natant 
min) protein »rotein 
0.5 1,490,000 1410 1600 
ay 31,400 35 50 
24 18,400 30 * 


* One determination yielded 43 count/min mg; 
the other was too low to measure. 
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stration of a relationship between gross 
protein binding of hydrocarbons and a 
metabolic route that is specific to the 
carcinogenic process (1/2). In this study 
of contact carcinogenesis, there has been 
no identification of a specific metabolic 
route distinguishable from detoxication. 
The degradation of a hydrocarbon ap- 
plied to the skin should involve enzymes, 
in view of which the results are reason- 
able, It is of interest that two examples 
of high metabolic activity in the skin 
have been found. 
Hersert I. HapLer 
VioteT DarcHUN 
KaTHARINE LEE 
Division of Oncology, Chicago 
Medical School, Chicago, Illinois 
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Sex Difference in Eosinophil 
Counts in Tail Blood 
of Mature B, Mice 


Eosinophil counts in tail blood of mice 
vary with the phase of the daily adrenal 
cycle (J-4) in males (/, 4, 5) and in 
females (6) of several inbred strains and 
their hybrids. Strain differences in char- 
acteristic eosinophil levels—obtained at 
the daily time of high counts—have also 
been described (7). The study reported 
here (8) led to the additional detection 
of sex differences in the eosinophil count 
of mature mice of an inbred strain. 

The mice studied were of a subline of 
the C,,-black stock (B,) which had been 
maintained in the Division of Cancer 
Biology at the University of Minnesota 
by brother-to-sister mating for more than 
20 generations. The animals were 8% 
months +1 week of age at the time of 
study. For 7 days prior to the study, they 
were singly housed in a room maintained 
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at 25.6+0.6°C and illuminated from 6 
A.M. to 6 p.m. and darkened from 6 p.m. 
to 6 a.m. Purina Fox Chow and tap water 
were available to the mice from the time 
of weaning and throughout the study. 
Except for the activities associated with 
cleaning the cages, feeding the mice, and 
filling the water bottles, the animals were 
not intentionally disturbed from birth 
until the time of study. The study was 
begun at 8:30 a.m. and ended at 8:30 
A.M. the following day. It involved 
eosinophil counts on tail blood obtained 
from separate groups of mice at 4-hour 
intervals. Each mouse was thus used for 
venesection only once. The assembly-line 
procedures employed for eosinophil 
counts have been described (7). 

Figure 1 shows the mean count +1 
standard error for the two sexes. The 
24-hour eosinophil rhythm stands out 
clearly for each sex, in agreement with 
the results of earlier work on this sub- 
ject. But the level around which the 
mean count cycles in the two sexes, which 
was previously not compared, is not the 
same in the two sexes as far as the stock 
and age-group studied are concerned 
(Fig. 1). The females exhibit lower 
counts than the males, without any over- 
lap of mean counts throughout the 24- 
hour period. Subsequent work on the 
same mice revealed that the mean paired 
adrenal weights of the females were 
higher than those of the males and that 
the ascorbic acid concentrations in glands 
from females were higher than in glands 
from males. 

The observation of a sex difference in 
adrenal weight of B, mice extends to this 
stock observations on the sexual dimorph- 
ism of the adrenals, which was reported 
earlier for several animal forms (9). The 
sex difference in eosinophil count de- 
serves more study, for it may be related 
to sex differences in adrenal secretory 
behavior, as anticipated but not yet reli- 
ably established (9). 

The possible relation of the sex differ- 
ence in eosinophil level to a sex differ- 
ence in adrenal secretory activity comes 
to mind in view of the known eosino- 
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Fig. 1. Sex difference in mean blood eosi- 
nophil counts of B: mice approximately 8 
months old. The number of mice used 
given above each point; serially independ- 
ent sampling. 


penic effect of both cortical and medul- 
lary adrenal hormones (2). The role 
played by interaction of the longer estrus 
cycle (10) with the daily adrenal cycle 
(2, 4, 6) which maintains the eosinophil 
rhythm must also be considered. But 
whatever may underlie the differences 
noted, it seems fair to conclude that, in 
B, mice of the age group studied, eosino- 
phil counts can be shown to be a function 
not only of strain and of phase of daily 
cycle but also of sex. 

Franz HALBERG 

HAMERSTON 

Joun J. BirrNer 
Division of Cancer Biology, Department 
of Physiology, University of Minnesota 
Medical School, Minneapolis, and 
Cambridge State School and Hospital, 
Cambridge, Minnesota 
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Tentative Correlation of Alaskan 


Glacial Sequences, 1956 


A tentative correlation of the Cook In- 
let and other Alaskan glacial sequences 
was published in 1953 (1). Since then, 
additional field and radiocarbon data 
have accumulated that necessitate some 
revisions in the 1953 correlation chart. 
These revisions (Fig. 1) include addi- 
tions to earlier published glacial se- 
quences and changes in correlation with 
the type Pleistocene chronology. 

Correlations with the standard North 
American Pleistocene chronology have 
been revised in accordance with new 
radiocarbon data relating to both the 
Mid-continent and Alaskan sequences. 
Reruns of radiocarbon samples W-76, 
W-77 (2), and also W-174 (3) by the 
more accurate gas-counting method 
(these samples were originally analyzed 
by the solid-carbon counting method) 
indicate that the lower boundary of the 
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Fig. 1. Tentative correlation of glacial events in Alaska. The stratigraphic boundaries 
that have been dated by radiocarbon methods are indicated by an asterisk. 


Naptowne glaciation of the Cook Inlet 
region is dated at greater than 36,000 
B.c., instead of around 12,000 B.c. as 
previously published (4). These results, 
combined with the numerous other 
radiocarbon dates available from the 
Cook Inlet region, provide a chronology 
that is in general agreement with the 
radiocarbon dating of the type Wisconsin 
sequence (5) and with published histor- 
ical, varve, and radiocarbon dating of 
the northern European Fourth Glacial 
(6) and postglacial climatic events (7). 
Thus it is evident that the Naptowne 
and correlative Alaskan glaciations rep- 
resent all, not part, of Wisconsin time, 
as previously considered, and that the 
pre-Naptowne and correlative glacia- 
tions are of pre-Wisconsin age. 

These correlations satisfy parallel se- 
quence and support the concept of es- 
sentially contemporancous past climatic 
changes throughout the Northern Hemi- 
sphere. The radiocarbon-dated glacial 
chronology strongly implies astronomic 
climatic controls with glacial events of 
stage rank being determined by the 
“Obliquity Cycle” with a periodicity of 
about 41,000 years, as recently recalcu- 


74 


lated from celestial mechanics by van 
Woerkom (8). A similar conclusion con- 
cerning climatic control of glacial stage 
events was reached by Emiliani (9) 
from independent studies of deep-sea 
cores and paleotemperatures of ocean 
water. Glacial events of substage and 
lesser ranks with periodicities of between 
3000 and 4000 (about 3400), 1000 and 
1200 (about 1100), and 500 and 600 
(about 550) years may be genetically 
related to the tide-generating force curve 
(10), which was also calculated from 
celestial mechanics. The dates applied to 
glacial stage events beyond the range of 
the radiocarbon method in the Cook 
Inlet chronology are estimates based on 
a correlation of the glacial sequence 
with the Obliquity Cycle curve. 

The subdivisions of the chronology 
shown in Fig. 1 are placed near culmi- 
nations of interglacial, interstadial, and 
retreatal phases of lesser rank which pre- 
ceded significant periods of general gla- 
cial advance. By definition, then, each 
recognized subdivision encompasses both 
an interval of general glacial advance 
and the following interval of general 
glacial retreat. This convention, it is be- 


lieved, emphasizes the natural divisional 
boundaries that are most directly re- 
corded by geomorphic and stratigraphic 
evidence in glaciated regions, provides 
a convenient method of systematic sub- 
division of glacial periods into their sub- 
ordinate components, and cuts the no- 
menclature problem in half by eliminat- 
ing the necessity of naming both the 
advancing and retreating phases of each 
glacial fluctuation. 

The correlation of the Alaskan glacial 
sequences shown in Fig. 1 has been done 
in direct consultation with E. H. Muller 
(17), A. T. Fernald (12), and R. L. 
Detterman (/3) of the U.S. Geological 
Survey. Precise correlation of morainal 
sequences of differing complexities from 
widely separate regions of dissimilar 
topographic and climatic character is 
difficult in the absence of critical fossil 
or radiocarbon data, The correlation 
problem is further complicated by the 
recent recognition of a_post-Illinoian, 
pre-Wisconsin glaciation in the Mid-con- 
tinent region (/4). Although this glaci- 
ation has yet to be formally established 
in the type North American section, geo- 
logic data in Alaskan regions where de- 
tailed information is available support 
consideration of this glaciation as an 
important climatic event of stage rank 
during Sangamon time. Numerous cor- 
relation problems remain, and the ac- 
companying chart should be taken as a 
somewhat improved but still preliminary 
correlation that is subject to refinements 
as additional critical field and radiocar- 
bon data are obtained. 

Tuor N. V. KaritstRoM 
U.S. Geological Survey, 
Washington, D.C. 
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Book Reviews 


A Study of Thinking. Jerome S. Bruner, 
Jacqueline J. Goodnow and George A. 
Austin. Wiley, New York; Chapman & 
Hall, London, 1956. 330 pp. Illus. 
$5.50. 


One of man’s most impressive and im- 
portant characteristics is his ability to 
group discriminably different events into 
meaningful and useful categories. For ex- 
ample, although there are an estimated 
7 million or more discriminable colors, 
we get along with only a few color names. 
Or, with little information, people will 
classify others as intelligent or not, 
friendly or not, and so on. Now, although 
it is clear that such groupings are made 


‘and are efficient, we have known rela- 


tively little of the way in which intelli- 
gent adults arrive at classifications of 
new events when these events might be 
categorized in a number of different ways. 

In their attempt to provide an answer 
to this question, the authors of A Study 
of Thinking have written an exciting and 
thought-provoking book. It can be rec- 
ommended to persons outside, as well as 
within, the field of psychology because of 
its lively and clear prose, and because 
the authors have constantly related their 
findings to parallels in everyday life. 
Finally, the book is of interest because of 
the proposed solution to the aforemen- 
tioned problem, one that will surely 
arouse controversy in the field of psychol- 
ogy. 

The book is divided into three parts. 
The first presents a discussion of the na- 
ture of categories and the problems men 
encounter when using them. The second 
part presents and analyzes experimental 
results from an extensive research pro- 
gram. The third, an appendix, is a worth- 
while discussion of language and cate- 
gories by Roger W. Brown. 

It is in the second part of the book 
that the authors’ thesis is presented. They 
argue that, in attempting to place a new 
event in some category, men approxi- 
mate ideal, abstractly describable, ra- 
tional “strategies,” and that the strategy 
approximated will vary as the experi- 
mental conditions change. Furthermore, 
these strategies are conceived of as major 
determiners of individual choices within 
a sequence of choices. An example of 
initial responses in two different strate- 
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gies may be given by a man suddenly 
dependent for his existence on eating 
mushrooms but with knowledge of the 
appearance of only one nontoxic type. If 
he could find none of his safe type, he 
might with little risk test one slightly dif- 
ferent and increase his supply by only a 
few mushrooms. Or he might test one 
differing in several ways from the safe 
one and at greater risk increase his poten- 
tial supply much more. Do experimental 
subjects who make such initially differ- 
ent responses make further choices con- 
sistent with two different strategies? The 
range of facts that is incorporated by 
this assumption is impressive. However, 
the relationship between the responses 
and the inferred strategy is sometimes 
rather indirect. 

Very likely, psychologists who resonate 
to this type of interpretation will attempt 
to specify more closely the nature of these 
strategies. Others who prefer to think in 
terms of simpler processes may attempt 
to formulate these problems in different 
ways. Regardless of the ultimate fate of 
these organizing concepts, this work will 
stand as a major contribution to the psy- 
chology of thinking. 

Donatp A. Ritey 
University of California, Berkeley 


S. P. Botkin and the Neurogenic Theory 
of Medicine. L. R. Borodulin. State 
Publishing House of Medical Litera- 
ture, Moscow, U.S.S.R., ed. 2, 1953. 
184 pp. (In Russian) 


Sergei Petrovich Botkin, a teacher of 
the physiologist I. P. Pavlov, played a 
catalyzing role in Russian medicine simi- 
lar to the one played by William Osler 
in American and English medical prac- 
tice and education. These two great clini- 
cians were almost contemporaries. Botkin 
was 17 years old when Osler was born in 
1849. He died at the age of 57, the year 
Osler moved his activities from the Uni- 
versity of Pennsylvania to Johns Hopkins 
University. Both were in many ways 
alike in their keen intellects, their scien- 
tific attitudes to medical theory and prac- 
tice, their abilities to arouse and sustain 
the enthusiasm of their many students in 
the investigation and practice of scientific 


medicine, and their breadth of inte’> ts 
which far exceeded the boundaries of 
medicine. Both were well versed in the 
physical and chemical sciences of their 
time as well as in philosophy, literature, 
and sociology. Both looked upon medi- 
cine as one important way of serving 
mankind and both exhibited continued 
interest in any activities and develop- 
ments that would emancipate mankind 
from the unhappy triumvirate of disease, 
ignorance, and poverty. 

The one major difference between 
these two men was that, while Osler was 
primarily a great clinician, Botkin was 
a clinician as well as an experimental 
physiologist. He was equally at home in 
the clinic and in the experimental labora- 
tory. The environments in which these 
two men worked were also markedly dif- 
ferent. Osler worked in an industrialized 
society in an atmosphere of liberalism 
and progressive thought that character- 
ized life in the United States of America. 
Botkin, on the other hand, had to carry 
on his activities in an essentially feudal- 
istic society governed by an unenlight- 
ened absolute monarchy with its secret 
police and its omnipresent censor. 

In spite of this environmental differ- 
ence, the two men shared many views in 
common. Among other things, these in- 
cluded their appreciation of the impor- 
tance of psychologic factors in health 
and disease and the conviction that 
sound medical practice should not be 
limited to pharmacotherapeutics. 

It appears that Botkin and Osler rep- 
resented the most rational expressions of 
the general revolt against polypharmacy 
and so-called “heroic” medicine in 
which, to paraphrase Osler, “large quan- 
tities of drugs, the actions of which we 
knew little, were poured into bodies, the 
actions of which we knew even less.” 

The emotional expression of this revolt 
was represented by Hahnemann’s home- 
opathy and his advocacy of the use of 
highly diluted drugs, and A. T. Still's 
osteopathy and his proscription of the 
use of any drugs and his reliance on joint 
manipulation as the only correct and use- 
ful form of therapy. 

Osler and Botkin, on the other hand, 
attempted to apply the principles of sci- 
entific analysis and of the available scien- 
tific facts to the development of more 
rational and effective forms of therapy 
based on careful diagnosis and facts de- 
rived from physiology and pharmacology. 

The author of this book on Botkin at- 
tempts to describe the development of 
Botkin’s therapeutic concepts on a back- 
ground of the medical thinking and prac- 
tice then current in Russian, German, 
and French medical circles. The chief 
theme of this book may be indicated as 
follows: (i) The accumulation of scien- 
tific knowledge by the second half of the 
19th century exposed the inadequacy of 
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the theory of medicine based on Cullen’s 
ideas of humors as the seat of disease. 
(ii) This was replaced by the “ana- 
tomic” or “‘localistic” theory of medicine 
developed by Virchow in Germany and 
by the “physiologic” or “neurogenic” 
theory developed chiefly by the Russian 
clinician Botkin and the Russian physiol- 
ogist Sechenov. (iii) This neurogenic 
theory is a specific characteristic of Rus- 
sian medical thought that originated 
among a number of Russian physicians 
even before Botkin, who gave it a more 
definite expression. I. P, Pavlov and his 
students developed these concepts into a 
system of medicine referred to as “nerv- 
ism.” Briefly, the principle of nervism 
emphasizes the importance of the cere- 
bral cortex in the regulation of physio- 
logic homeostasis, the concept of the 
organism as a whole, and the importance 
of environmental factors (including par- 
ticularly psychologic ones) in health and 
disease. 

According to Borodulin, this neuro- 
genic theory of medicine differed from 
both the philosophy of vitalism and the 
mechanistic concepts in biology. Botkin 
and his followers postulated that, while 
all living processes, including the psychic 
manifestations, can be ultimately ana- 
lyzed in terms of natural laws, they can- 
not be explained solely on the basis of 
the known laws of physics and chemistry. 
The properties of the biological unit 
(whether it be a single free-living cell or 
a higher metazoan) cannot be predicted 
from the properties of the component 
elements of the organism; no more than 
the properties of H,O or of H,O, can 
be explained on the basis of the charac- 
teristics of hydrogen and oxygen. This 
latter fact does not induce the chemist 
to resort to mysticism in explaining the 
properties of H,O or of H,O, or of a 
tobacco mosaic virus molecule. By the 
same token, the biologist does not have 
to invoke mystical vitalism in order to 
explain biological phenomena, including 
those associated with the activity of the 
cerebral cortex. 

Those who attempted to apply me- 
chanically the laws of physics and chem- 
istry to biological systems often ended up 
by invoking vitalism in relation to the 
entire organism, because these physico- 
chemical laws cannot explain biological 
integration. For example, Claude Ber- 
nard, an outstanding and careful experi- 
menter who applied physicochemical 
principles in analyzing various isolated 
biologic processes, nevertheless resorted 
to the assumption of some vital “direc- 
tive force” in the development of an or- 
ganism from an egg. ‘“The vital force and 
life,” declared Bernard, “belong to the 
metaphysical world.” Botkin and _ his 
school of thought escaped that pitfall by 
developing the idea of the existence of 
different levels of organization of matter 
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in nature, each level of integration pos- 
sessing qualities of its own. The quality 
of life appears at a certain level of or- 
ganization of particular kinds of matter. 

Within the living organism there are 
various levels of such integration, begin- 
ning with integration within each indi- 
vidual cell and leading up to integration 
of organs and organ systems. The multi- 
cellular organism as a whole is integrated 
by the central nervous system, the cere- 
bral cortex assuming a more dominant 
role in the higher animals, particularly 
in man. This dominant role is maintained 
in relation to somatic, as well as visceral, 
functions and in the synthesis of these 
functions so as to adapt the organism to 
its environment. With the increasing role 
of the cerebral cortex in the regulation of 
physiological homeostasis in higher ani- 
mals, especially in man, there developed 
greater possibilities for impingement of 
psychologic factors on various visceral 
and somatic functions. Thus, the Botkin- 
Sechenov-Pavlov neurogenic theory of 
medicine led to the emphasis of the im- 
portance of psychologic factors in health 
and disease. 

This philosophy reflected itself in Bot- 
kin’s therapeutic principles. Thus, he 
looked upon fever as a defense mecha- 
ism (in which the central nervous sys- 
tem played an important role) and did 
not encourage the excessive use of drugs 
in combating fevers, a practice that was 
fashionable among medical circles at that 
time. He advocated the use of drugs with 
care and only when they were definitely 
indicated. Botkin suggested the need for 
studying the mechanisms used by the or- 
ganism in combating disease: “It is in 
this studying of the natural abortive 
forms [of disease], the learning of the 
methods used by the organism in com- 
bating infection, it appears to me, that 
we shall find that path that will lead us 
to the discovery of recuperating, disease- 
combating remedies.” Botkin urged that 
treatment be directed toward the patient 
and not just toward a localized disease. 

The early physiological orientation of 
Russian medicine is also indicated by the 
following curious facts. Although Rus- 
sian medical science and education, like 
science and education in general, barely 
scratched the surface of Russian society 
during the 19th century (as compared 
with the Western world), nevertheless 
the first Russian chair in physiology, as 
distinct from anatomy, was created in 
1860 and was occunied by Sechenov at 
the St. Petersburg Medico-Surgical Acad- 
emy 14 years before the first professor- 
ship of physiology was established at the 
University College at London in 1874 
and 16 years before it was created in 
the U.S.A. at Harvard University in 
1876. 

Twelve years before Russell H. Chit- 


tenden at Yale University Sheffield 


School of Science organized the first 
course in physiological chemistry in the 
United States, Alexander P. Borodin was 
appointed to the chair of physiologic and 
organic chemistry in 1862 at the same 
medical academy in which Botkin taught. 
It is interesting to note that, in addition 
to his teaching at the Medical Academy 
and at the St. Petersburg Medical School 
for women, Borodin published more than 
20 papers in physiological and organic 
chemistry and was the author of about 
the same number of major musical com- 
positions, including the famous opera 
Prince Igor. In fact, in the Western 
world Borodin is known almost entirely 
as a great Russian composer and one of 
the originators of the national trend in 
musical composition based on the utiliza- 
tion of Russian folklore. 

The direction of Pavlov’s research on 
the psychic aspects of gastrointestinal 
physiology and later on conditioned re- 
flexes can be traced directly to the in- 
fluence of the ideas of Botkin. A number 
of Botkin’s other students continued to 
develop these therapeutic principles in 
their clinical teaching and practice. One 
of these students, V. A. Manassein, devel- 
oped a keen insight into psychosomatic 
factors in disease. He insisted that psy- 
chologic factors not only can produce 
temporary disturbances in various vis- 
ceral functions but may also lead to a 
host of chronic diseases. 

Manassein’s remarks regarding hospi- 
tal environments [The Importance of 
Psychologic Influences (St. Petersburg, 
1877), pp. 141-48] could be read with 
profit by many hospital administrators 
today. “In this respect most hospitals 
and clinics present a very unhappy pic- 
ture with their unfriendly uniform wards 
and their dull monotonous daily routines. 
Such shameful conditions in our hospi- 
tals, in my opinion, are no less harmful 
to the patients than all the other errors 
in regard to hygienic and dietetic ar- 
rangements, thanks to which many pa- 
tients perish, not because of their dis- 
eases, but because of their hospitals.” In 
«ach hospital environments “the thoughts 
of patients have nothing to concentrate 
on... they are therefore invariably cen- 
tered around their own pains. . . . The 
first concern of a physician who under- 
stands the significance of psychic influ- 
ences should be with the need for a more 
cozy appearance of the wards. In this 
respect, flower arrangements, birds in 
cages, wall pictures, aquaria, and so 
forth, would help us, without interfering 
with hygienic requirements of cleanli- 
ness and simplicity, to a large extent to 
remove that uniform dishearteningly 
deadly character which reflects itself at 
present from almost every hospital, from 
its bare walls, the monotonous uniforms 
and rows of beds. . . .” 

Manassein advocated the utilization of 
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music in hospitals as well as occupational 
therapy and various forms of exercise 
and sports events: “Every well-organized 
hospital should have various devices for 
the occupation and amusement of pa- 
tients, for example, newspapers, books, 
chess, cards, lotto, billiards.” He urged 
the institution of a program of clinical 
and basic research on psychosomatic fac- 
tors in therapy. 

Another student of Botkin, V. P. 
Obraztsov (1849-1920) called attention 
to the close relationship between the dis- 
turbances of visceral and somatic func- 
tions, problems of referred pain, the 
neurasthenic heart, and the role of auto- 
suggestion in cardiovascular disease. 

This book represents an important con- 
tribution to the history of Russian medi- 
cal practice and philosophy. It contains 
a great deal of material entirely unfa- 
miliar to medical scientists in the West- 
ern world. 

The book also demonstrates the lack 
of communication and of cross-fertiliza- 
tion of ideas between Russian and West- 
ern (particularly English-American) 
medical and biological laboratories and 
clinics and the resultant mutual igno- 
rance and lack of appreciation of each 


‘other’s achievements. Osler knew not of 


Botkin, nor Botkin of Osler; both would 
undoubtedly have profited from: ac- 
quaintance with each other’s ideas. 

This lack of mutual understanding 
still persists and is evident in the over-all 
approach of Borodulin. In discussing 
the development by Pavlov, Bykov, 
Speranskii, and others of the Botkin- 
Sechenov concepts of cortical integration 
and of the living organism as a homeo- 
static unit, he seems to be unaware of 
the important contributions in this field 
by British and American physiologists. 
For example, the appearance of Sher- 
rington’s The Integrative Action of the 
Nervous System in 1906 is not men- 
tioned. Nor is there any indication of 
familiarity with Fulton and Keller’s 
demonstration of the principle of en- 
cephalization in their elegant publication 
The Sign of Babinski—a Study of the 
Evolution of Cortical Dominance in Pri- 
mates, or with Fulton’s extensive lo- 
botomy studies in relation to behavioral 
problems in primates. 

Studies related to the organism as a 
unit have occupied the center of atten- 
tion of a number of investigators for 
many years and in many lands. Jacques 
Loeb analyzed some of these problems 
brilliantly in The Comparative Physiol- 
ogy of the Brain and Comparative Psy- 
chology (1902) and in his book The Or- 
ganism as a Whole (1916). J. B. S. 
Haldane wrote in 1922: “The only way 
of real advance in biology lies in taking 
as our starting point, not the separated 
parts of an organism and its environment, 
but the whole organism in its actual rela- 
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tion to environment, and defining the 
parts and activities in this whole in 
terms implying their existing relation- 
ships to the other parts and activities.” 

The effects of emotions on body proc- 
esses have been the subject of investiga- 
tion and discussion by many scientists, 
from William Beaumont’s Experiments 
and Observations on the Gastric Juice 
and the Physiology of Digestion (1833) 
to A. J. Carlson’s The Control of Hunger 
in Health and Disease (1916), W. B. 
Cannon’s Bodily Changes in Pain, 
Hunger, Fear and Rage (1920), and the 
excellent current studies conducted by 
Stewart Wolf and Harold Wolff and 
Hans Selye’s extensive investigations on 
stress. As a matter of fact, observations 
on psychosomatic effects go back to an- 
tiquity. Maimonides, the famous Hebrew 
physician-philosopher of the 12th cen- 
tury, emphasized the importance of emo- 
tions in health and disease (letter to the 
Sultan Saladin). The appreciation and 
further development of scientific prin- 
ciples can best be achieved by maintain- 
ing a broad historical and geographic 
perspective. 

This lack of communication is not, 
however, one-sided. British and Ameri- 
can physiologists failed to appreciate and 
benefit from the contributions of Rus- 
sian physiologists. As is pointed out so 
succinctly by Fulton in his Frontal Lo- 
botomy and Affective Behavior: “Al- 
though the Russian School had a clear 
awareness of the importance of cortical 
representation of many visceral functions, 
neurologists and neurophysiologists in 
general were extraordinarily slow to ap- 
preciate the broad significance of these 
earlier disclosures.” 

The elucidation of the role of psycho- 
logic factors in the development of dis- 
ease and the development of an integra- 
tive approach to medical research and 
practice could best be achieved not by 
periodic mutual “sniping” but by con- 
sistent attempts at closer communication 
and a development of mutual apprecia- 
tion bétween Russian and Western medi- 
cal scientists and practitioners. 

SaMuEL A. Corson 
University of Arkansas School 
of Medicine 


Cours de Physique Générale. Electricité. 
‘A Pusage de l’enseignement superieur 
scientifique et technique. G. Goudet. 
Masson, Paris, ed. 6, 1956. 899 pp. 
Illus. Cloth, F. 5100; paper, F. 4500. 


This large and well-appointed book is 
one of a series of advanced textbooks in 
general physics for university students. 
In addition to the material usually found 
in American textbooks for graduate stu- 
dents, it contains a considerable amount 


of descriptive material dealing with elec- 
tric measurements, instruments, and 
machinery written in a more elementary 
style. Beginning with a brief introductory 
section on vector calculus and the mathe- 
matical treatment of periodic functions, 
it leads the reader through the classical 
theory of electrostatics, direct currents, 
magnetostatics, and quasi-stationary elec- 
tromagnetic phenomena to the general 
formulation of Maxwell’s equations and 
the theory of electromagnetic waves. In 
a final section, the author discusses the 
properties of charged particles, x-rays, 
atomic and molecular structure, elemen- 
tary quantum mechanics, electric and 
magnetic properties of solids, and elec- 
tron tubes and semiconducting devices. 

The classical electromagnetic theory is 
developed in the conventional manner. 
The theorems are precisely enunciated, 
and the derivations are detailed enough 
to permit independent study. Many rep- 
resentative problems are carried to a 
complete solution, and Maxwell’s equa- 
tions are illustrated by many applica- 
tions. On the other hand and in accord- 
ance with European practice, student 
exercises are not included. The mks sys- 
tem of units is used throughout. 

Although the book does not seem to 
present new approaches to the study of 
its field, it is clear, comprehensive, and 
up to date. The typographic arrangement 
is excellent and makes it easy to follow 
the derivations. 

I. EstERMANN 

Office of Naval Research 


Parasites and Parasitism. Thomas W. M. 
Cameron. Methuen, London; Wiley, 
New York, 1956. 322 pp. $6.75. 


This book departs from the point of 
view and emphasis found in most pres- 
ent-day textbooks of parasitology. It 
widens the concept of parasitism to in- 
clude, in addition to parasitic animals, 
bacteria, fungi, spirochetes, viruses, and 
rickettsiae and includes among the ani- 
mal parasites the parasitic annelids, crus- 
taceans, mollusks, and vertebrates not 
usually included in parasitological text- 
books. Moreover, parasitism is used in 
the wider sense of including the whole 
gamut of relationships from extreme 
pathogenicity to symbiosis. Parasitism is 
viewed as a biological phenomenon with 
examples chosen from fields widely sepa- 
rated systematically. Thus there is little 
emphasis upon the medical and veteri- 
nary aspects of parasitism, except by vir- 
tue of the fact that the parasites in- 
volved in producing disease in man and 
animals are often better known than the 
forms of little or no economic impor- 
tance. 

Although the discussion of parasitism 
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passes from one systematic group of para- 
sitic forms to another, it is evident that 
the attempt has been made to utilize 
these systematic groups mainly to illus- 
trate the complex phenomena of para- 
sitism. The final fourth of the book is 
devoted to discussion of the principles, 
so far as they are known, of parasitism, 
infectious disease, distribution of para- 
sites, control, and host specificity and 
evolution of parasites. Also included are 
an annotated bibliography, a classifica- 
tion of parasites, and a glossary and in- 
dex. 

This attempt to shift away from the 
vertical, systematic treatment of the sub- 
ject to the more horizontal, functional 
approach represents a refreshing initial 
step in the much-needed change of em- 
phasis from presentations of a bewilder- 
ing array of seemingly unrelated com- 
plexity of relationships to a searching for 
the relating principles in these relation- 
ships. 

Cray G. Hurr 
Naval Medical Research Institute 


Geology and Ourselves. F. H. Edmunds. 
Philosophical Library, New York, 
1956. 256 pp. Illus. $10. 


F. H. Edmunds, long a member of the 
Geological Survey of Great Britain, 
writes clearly and simply on geology for 
the nonscicntific layman in a_ style 
stripped of the usual geologic jargon. 
The first half of the book is given to a 
discussion of the elements of geology and 
its various fields of specialization, while 
the remainder discusses the significance 
of geologic factors in the world around 
us. The book is well done, but its dis- 
tribution in the United States may be 
adversely affected by the fact that it 
draws almost exclusively on illustrations 
from the British Isles and because the 
book is rather expensive considering its 
purpose. 

Rosert C, STEPHENSON 
American Geological Institute 


Educating Spastic Children. The educa- 
tion and guidance of the cerebral pal- 
sied. F, Eleanor Schonell. Philosophi- 
cal Library, New York, 1956. 242 pp. 
Illus. $6. 


This book, which is divided into four 
parts, treats of the educational problems 
and evaluation of the educational diffi- 
culties arising from cerebral palsy. 

The first part gives a general defini- 
tion and classification of the various 
types and causes. A history of the grow- 
ing interest in the condition follows and 
describes the progress, especially in 


America, Australia, and Great Britain. 
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Part two is concerned with the various 
surveys especially related to the Birming- 
ham research project. The use of various 
intelligence scales as measures of intel- 
ligence specifically in the cerebral pal- 
sied is described, and estimates of intel- 
ligence as carried out by many surveys in 
the different countries are compared. 

Part three deals with practical plan- 
ning for educational facilities for these 
children and actual and suggested cur- 
riculums. Part four deals with psycho- 
logical and social development, taking 
into consideration the limitations im- 
posed on the child by his handicap. 

This book is a valuable and well-writ- 
ten source of much needed information 
by teachers and all others dealing with 
the psychosocial development of the 
cerebral palsied child. It should stimu- 
late far better understanding and facili- 
ties for education of cerebral palsied 
children. 

The only criticism that can be made 
of this book, in my opinion, is with re- 
gard to the title. The term cerebral palsy 
has practically superseded spastic paraly- 
sis when used for the whole group in 
America, and such change is occurring 
more and more in Great Britain. The 
author mentions in her preface that she 
is using the term to include the whole 
group, but the confusion which has arisen 
from using this term, except specifically 
for spastics, is the reason that cerebral 
palsy is being more widely used now. 

WintHrop PHELPS 
Baltimore, Maryland 


New Books 


Advances in Carbohydrate Chemistry. 
vol. 11. Melville L. Wolfram, Ed. Aca- 
demic Press, New York, 1956. 465 pp. $11. 

Metallurgical Analysis by Means of the 
Spekker Photoelectric Absorptiometer. F. 
W. Haywood and A. A. R. Wood. Hilger 
& Watts, London, ed. 2, 1956 (order from 
Jarrell-Ash Co., 26 Farwell St., Newton- 
ville 60, Mass.). 292 pp. $8.50. 

Cold Spring Harbor Symposia on Quan- 
titative Biology. vol. XX, Population Ge- 
netics: The Nature and Causes of Genetic 
Variability in Populations. Biological Lab- 
oratory, Cold Spring Harbor, N.Y., 1955. 
346 pp. $8. 

Unit Operations of Chemical Engineer- 
ing. Warren L. McCabe and Julian C. 
Smith. McGraw-Hill, New York, 1956. 
945 pp. $10.50. 

Advances in Electronics and Electron 
Physics. vol. VIII. L. Marton, Ed. Aca- 
demic Press, New York, 1956. 562 pp. 
$13. 

Hi-Fi from Microphone to Ear. Mod- 
ern sound-recording and_ reproduction 
technique. G. Slot. Philips Technical Li- 
brary, Eindhoven, Netherlands, 1956. 169 
pp. 

Ancestors and Immigrants. A changing 
New England tradition. Barbara M. Solo- 
mon. Harvard University Press, Cam- 
bridge, 1956. 276 pp. $4.75. 


Theory of Approximation. N. I. 
Achieser. Translated by Charles J. Hy- 
man. Ungar, New York, 1956. 307 pp. 
$8.50. 

An Encyclopaedia of the Iron and Steel 
Industry. Compiled by A. K. Osborne. 
Philosophical Library, New York, 1956. 
558 pp. $25. 

Momentum Transfer in Fluids. Wm. H. 
Corcoran, J. B. Opfell, B. H. Sage. Aca- 
demic Press, New York, 1956. 394 pp. $9. 

Elements of Pure and Applied Mathe- 
matics. Harry Lass. McGraw-Hill, New 
York, 1956. 491 pp. $7.50. 

Die Technischen Anwendungen der 
Radioaktivitat. Engelbert Broda and 
Thomas Schonfeld. Verlag Technik, Ber- 
lin, 1956. 313 pp. 


Miscellaneous Publications 


(Inquiries concerning these publications should 
be addressed, not to Science, but to the publisher 
or agency sponsoring the publication.) 

The St. Anthony Falls Multi-Purpose 
Test Channel. Tech. Paper No. 17, Ser. 
B. Lorenz G. Straub and C. E. Bowers. 
University of Minnesota, Minneapolis, 
1956. 19 pp. 

The Arzberger Site, Hughes County, 
South Dakota. Occasional Contributions, 
No. 16. Albert C. Spaulding. Museum of 
Anthropology, University of Michigan, 
Ann Arbor, 1956. 173 pp. $3.50. 

Traffic Assignment by Mechanical 
Methods. Highway Research Board Bull. 
130. National Academy of Sciences—Na- 
tional Research Council, Washington, 
1956. 77 pp. $1.50. 

A Revision of the Genus Nissolia. Con- 
tributions from the U.S. National Herbar- 
ium, vol. 32, pt. 2. Velva E. Rudd. Smith- 
sonian Institution, Washington, 1956. 34 


Ppp. 

Klamath Prehistory. The prehistory of 
the culture of the Klamath Lake Area, 
Oregon. Trans. of the American Philo- 
sophical Society, New Series, vol. 46, pt. 
4. L. S. Cressman. American Philosophi- 
cal Society, Philadelphia, 1956. 139 pp. 
$2. 
Widening and Resurfacing with Bitumi- 
nous Concrete. Highway Research Board 
Bull. 131. National Academy of Sciences- 
National Research Council, Washington 
25, 1956. 46 pp. $0.90. 

A Human Engineering Bibliography. 
Ivan N. McCollom and Alphonse Cha- 
panis. San Diego State College Founda- 
tion, San Diego, Calif., 1956. 128 pp. 

Erinaceidae from the Miocene of East 
Africa. Fossil Mammals of Africa, No. 11. 
P. M. Butler. British Museum (Natural 
History), London, 1956. 75 pp. £2. 

Culture and the Structural Evolution 
of the Neural System. James Arthur Lec- 
ture on the Evolution of the Human Brain, 
1955. Fred A. Mettler. American Museum 
of Natural History, New York, 1956. 57 

Expanding Resources for College 
Teaching. A report of the Conference on 
College Teaching sponsored by the Amer- 
ican Council on Education, 19-20 Jan. 
1956. Charles G. Dobbins, Ed. American 
Council on Education, Washington, 1956. 
137 pp. $1.50. 
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Meetings and Societies 


Council of National Organizations 


The Council of National Organizations 
of the Adult Education Association of 
the United States met in Atlantic City 
7-9 Nov. 1956. The theme of the meet- 
ing was an analysis of the personal and 
social factors influencing individuals to 
belong to organizations and participate 
in their programs. 

Lawrence K. Frank (formerly direc- 
tor, Caroline Zachary Institute for Hu- 
man Development) presented the case 
for the individual factors, whereas Ira 
De A. Reid (Haverford College) cov- 
ered the social forces influencing the in- 
dividual to association. Both men em- 
phasized changing patterns brought on 
by suburbanization, automation, and 
mobility of population, They - were 
highly provocative and elicited lively 
discussion and disagreement on the part 
of the discussion panel members and the 
audience. 

Melvin A. Glasser (National Founda- 
tion for Infantile Paralysis) presented 
the practical implications of the theme 
and the preceding theoretical talks to 
the future work of organizations. Small 
work groups took up the material from 
there and made even more specific ap- 
plications to the programs and member- 
ship problems of the organizations the 
individual delegates represented. Their 
reports were synthesized and ably pre- 
sented at the final session by Louis A. 
Radelet (National Conference of Chris- 
tians and Jews). 

CNO does much more than run an 
annual meeting. One group has been 
analyzing and experimenting with tech- 
niques for the handling of controversial 
issues. The TV committee is in the proc- 
ess of developing a year-long series of 
television and radio programs highlight- 
ing social problems and programs with 
the role of various national organiza- 
tions emphasized. A grant is being sought 
for a major study of social trends with 
particular emphasis on the effects a se- 
lect number of them may and should 
have on the programs and activities of 
organizations, These are only a few 
facets of a full program developed in 
the 5 years since CNO was set up as an 
organ of the Adult Education Associa- 
tion with support from the Fund for 
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Adult Education. The participating or- 
ganizations have gained a wealth of new 
ideas through the exchange of experi- 
ences in the council. 

Joun A. BEHNKE 
Ronald Press Company, New York, N.Y. 


New Burakan Observatory 


The University of Erevan has had a 
small telescope for teaching purposes for 
some years, but, as has happened else- 
where, it has become too small and 
poorly situated for active astronomical 
research. Activated by a desire to 
strengthen Armenian astronomy by ob- 
taining adequate observing facilities, 
Ambartzumian, who has been recognized 
as one of the leaders in Soviet astronomy, 
has, during the past 10 years, directed 
the erection of a new observatory. This 
is located about 20 miles north of Erevan 
at an altitude of about 4500 feet. 

The moderate-sized instruments at the 
Burakan Observatory are of types which 
are useful in research on stellar statistics, 
gaseous nebulae, and problems related to 
stellar evolution—that is, fields in which 
Ambartzumian is particularly interested. 
The most impressive are the 21 inch-21 
inch Matsutov type Schmidt telescope 
and the nebular spectrograph with a 
mirror about 1 foot in diameter. With 
the latter instrument, Dombrosky dis- 
covered the polarization of the Crab 
Nebula. In addition, the observatory has 
an 8 inch-12 inch Schmidt, a 16-inch 
reflector which is used for photoelectric 
photometry, a 10-inch reflector with a 
small spectrograph attached as part of 
the mounting, two small astrographs, 
and interferometers for radio observa- 
tions at 4.2 and 1.5 meters. The spec- 
trograph for the 10-inch reflector is 
equipped with reflection optics and a 
grating for use in the ultraviolet. Con- 
struction has been started on a large 
parabolic antenna for centimeter-wave 
radio astronomy. Future plans call for a 
long-focus visual refractor to comple- 
ment the small-scale instruments. 

This fall, the new observatory was 
dedicated and its importance was recog- 
nized by giving it the status of an insti- 
tute. This places it directly under the 


Armenian Academy of Science; it had 
been merely a part of the Mathematics 
and Physics Section of the academy. In 
celebration, a symposium on nonstable 
stars was held 19-24 Sept. 1956. The 
high polarization of the light from the 
Crab Nebula suggests that the emission 
from this nebula is the radiation of rela- 
tivistic electrons moving in the magnetic 
field of the nebula. The emission from 
other radio sources may have the same 
origin. Ambartzumian has now proposed 
that a similar phenomenon may account 
for the flares and the peculiar ultraviolet 
continuum in T Tauri and other very 
young dwarf stars as well as for the 
emission from some peculiar nebulae. 
About 30 participants explored the 
applications of this hypothesis, detailed 
the observations which must be satisfied 
by any theory, and discussed other pos- 
sible explanations of the observations. 
The foreign (non-Russian) participants 
in the symposium were as follows: Jesse 
L. Greenstein (California Institute of 
Technology), George Herbig (Univer- 
sity of California), and Nancy G. Roman 
(Naval Research Laboratory) from the 
United States; Guillermo Haro (Tacu- 
baya and Tonantzintla Observatories) 
from Mexico; Evry Schatzman (Institut 
d'Astrophysique, Paris) from France; 
Vahe Oskanian (Belgrade Astronomical 
Observatory) from Yugoslavia; and 
Kung Shu-mu and Shen Liang-tsao 
(Purple Mountain Observatory, Nan- 
king) from China. The Russians in- 
cluded the three-man Astronomical 
Council (Michailov, Kurkarkin, and 
Massevitch) and representatives of the 
major Soviet observatories as well as 
others interested in the field. The sym- 
posium amply fulfilled its purpose of 
collecting the knowledge currently avail- 
able on these problems and outlining 
profitable directions for future research. 
Nancy G. Roman 
Naval Research Laboratory, 
Washington, D.C. 


Meeting Notes 


@ A symposium on the role of solar fur- 
naces in the study of materials at very 
high temperatures will be held at the 
Hotel Westward Ho in Phoenix, Ariz., 
21-22 Jan. Organized for the benefit of 
American industry, the program is being 
sponsored by the Association for Applied 
Solar Energy, Stanford Research Insti- 
tute, Arizona State College, Tempe, and 
the University of Arizona. 

Symposium arrangements are being 
made through John I. Yellott, 3424 N. 
Central Avenue, Phoenix, Ariz. 


® An international conference on general 
relativity and the role of gravitation in 
physics will be held at the University of 
North Carolina at Chapel Hill, 18-23 
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Jan. About 40 physicists, 14 of them 
from foreign countries, will engage in 
scientific discussions and will pool their 
information on recent developments in 
gravitational research. 

Most of the conferences. will be closed 
work-shop sessions; however, there will 
be a “popular symposium” to which the 
public is invited, at which time phases of 
gravitational research will be discussed. 


™Peacetime uses of atomic energy will 
be the topic of the 1957 Nuclear Con- 
gress, which is scheduled for 11-15 Mar. 
at the Philadelphia Convention Hall 


under the coordination of the Engineers 
Joint Council. 

Four major elements are included in 
the congress. (i) The second Nuclear 
Engineering and Science Congress, co- 
ordinated by EJC on behalf of 20 engi- 
neering and scientific societies, will fea- 
ture 130 technical papers during a 4-day 
program. (ii) The National Industrial 
Conference Board will hold its fifth con- 
ference on Atomic Energy in Industry, 
featuring 12 round-table discussions. (iii) 
The International Atomic Exposition, 
sponsored by the American Institute of 
Chemical Engineers in cooperation with 


PACKARD 


AUTOMATIC 


FRACTION COLLECTORS 
for Column Chromatography 


Time, Drop Counting and Special Types 


1 Packard Automatic Fraction 
Collectors provide extremely 
precise volume measurement 
and ease of operation. 


2 Their reputation for excellent 
performance is backed by years 
of continuous service in labora- 
tories throughout the nation. 


3 Simple mechanical and elec- 

tronic design results not only 

. in high reliability but also in 
initial cost economy. 


For complete information send card or letter requesting 


illustrated 4-page Bulletin 230. 


Ay Sample hold-up, mixing and 
possibility of contamination 
are all eliminated in standard 
time and drop counting 
models. There are no inter- 
mediate vessels, glass arms or 
funnels. Drops from the column 
fall directly into the test tubes. 


5 Special turntables, large pre- 
parative fraction collectors and 
various volumetric measuring 
and continuous monitoring 
devices are available. 


DEPT. A + P 0. BOX 428 + LA GRANGE, ILLINOIS 
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four other engineering societies, will dis- 
play industry’s latest items in the atomic 
field. (iv) The Fifth Hot Laboratories 
and Equipment Conference, sponsored 
by the Hot Laboratories Committee of 
Oak Ridge National Laboratory, will 
take place 14-15 Mar. and deal with the 
operation and development of equip- 
ment for laboratories for atomic energy. 

Walter G. Whitman of Massachusetts 
Institute of Technology, president of the 
American Institute of Chemical Engi- 
neers, is general chairman for the 1957 
congress. 


® The 11th annual symposium on Funda- 
mental Cancer Research will be held at 
the University of Texas M. D. Anderson 
Hospital and Tumor Institute in the 
Texas Medical Center in Houston, 7-9 
Mar. The general topic is “Viruses and 
tumor growth.” 


Society Elections 


American Society for the Study of 
Arteriosclerosis: pres., Charles F. Wil- 
kinson, Jr.; v. pres., R. Gordon Gould; 
sec.-treas., O. J. Pollak, P.O. Box 228, 
Dover, Del. 


® American Institute of Chemical Engi- 
neers: pres., J. Henry Rushton, Purdue 
University; v. pres., George E. Holbrook, 
E. I. du Pont de Nemours and Company; 
treas., George G. Brown, University of 
Michigan; sec., F. J. Van Antwerpen, 25 
W. 45 St., New York 36. 


®Council of National Organizations of 
the Adult Education Association: chair- 
man, John A. Behnke, American Asso- 
ciation for the Advancement of Science; 
vice chairman, Samuel D. Freeman, Na- 
tional Jewish Welfare Board; sec., Helen 
M. Feeney, Girl Scouts of U.S.A. 


™ Association for Research in Nervous 
and Mental Disease: pres., Francis J. 
Braceland; Ist v. pres., Paul Hoch; 2nd 
v. pres., Carl Pfeiffer; sec.-treas., Rollo 
J. Masselink, 710 West 168th St., New 
York 32; asst. sec., Lawrence C. Kolb. 


® American Council of Independent Lab- 
oratories, Inc.: pres., Alvin C. Purdy, 
Bull and Roberts, Inc., New York; v. 
pres., Cecil M. Shilstone, Shilstone Test- 
ing Laboratory, New Orleans; sec., 
Roger W. Truesdail, Truesdail Labora- 
tories, Inc., Los Angeles; treas., F. H. 
Wright, Lucius Pitkin, Inc., New York. 


® Radiological Society of North Amer- 
ica, Inc.: pres., C. Edgar Virden; pres.- 
elect, Sydney J. Hawley; sec.-treas., 
Donald S. Childs, 713 E. Genesee St., 
Syracuse, N.Y. The vice presidents are 
Richard H. Chamberlain, Maurice D. 
Frazer, and Harold P. Tompkins. 
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PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 


e@ High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
e@ Micro-fluorimetry with liquid volumes as low as 1 ml 
e@ Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
@ Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e@ High-sensitivity nephelometry for low degrees of turbidities 
@ Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spet-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


TEMPERATURE 
CONTROLLED 


WATER BATH SHAKER 


Model 2156 


RESEARCH SPECIALTIES CO. presents its 
Model 2156 Water Bath Shaker, a variable speed 
reciprocating mechanism with a thermostatically 
controlled heated water bath. Engineered to pro- 
vide many years of reliable, efficient, trouble- 
free service, the Water Bath Shaker was designed 
especially for use in the biological laboratory. 


New Rowatp Books... 
NATURAL HISTORY OF BIRDS 


Leonard W. Wing. Just published. An introductory 
guide to ornithology. This attractively illustrated book 
offers a concise study of birds in nature treating their 
adaptations, origins, evolution, distribution, and abundance. 
It covers bird anatomy plus such topics as heredity; age; 
sex; nesting; health; migration; and the ecological, ter- 
ritorial, and economic relations of birds. Book includes de- 
tails on plumage, song, classification, nomenclature, and 
bird study afield. 277 ills., maps, tables; 540 pp. $6.75 


EVOLUTION: The Ages and Tomorrow 


G. Murray McKinley. The documentation of an original, 
stimulating thesis: the unity of mind, matter, and energy 
in the purposeful drive of evolution. Fascinating examples 
and observations drawn from the animal world illustrate 
this thought-provoking study, providing many sound in- 
sights into the natural world. “The only book I know 
which systematically brings new knowledge to bear upon 
the whole subject of evolution.” JoserpH Woop Krutcu. 
275 pp. $4.00 


THE SENTENCE COMPLETION METHOD 


Amanda R. Rohde, Camarillo State Hospital. Ready 
January 16. This new book discusses the diagnostic and 
clinical application of the sentence completion method to 
the treatment of mental disorders. The book fully describes 
the method, its rationale, administration, scoring, and 
interpretation. It demonstrates how the method is used to 
differentiate normal, psychoneurotic, and psychotic per- 
sonalities. Twenty-three documented, scored, and inter- 
preted cases. 300 pp. $7.50 


Through bookstores or from: 


THE RONALD PRESS COMPANY e 15 E. 26th St., New York 10 
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Standard interchangeable trays are provided in 
several styles to accommodate different sizes of 
flasks in the reciprocating rack. Racks are 
easily removable and are adjustable. 


NEW DESIGN 
RELIABLE 
ADJUSTABLE 
EFFICIENT SERVICE 
LOW MAINTENANCE 


UNIFORM 
TEMPERATURE 


WRITE FOR BULLETIN 2156 


RESEARCH SPECIALTIES CO 


2005 Hopkins St. Berkeley 7, Calif. 
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Forthcoming Events 
February 


3. American Assoc. of Bioanalysts, 3rd 
annual Margaret Beattie Lecture, San 
Francisco, Calif. (W. N. Reich, Walnut 
Creek-Lafayette, Laboratories, 1625 Lo- 
cust St., Walnut Creek, Calif.) 

4-8. American Soc. for Testing Ma- 
terials, Philadelphia, Pa. (R. J. Painter, 
ASTM, 1916 Race St., Philadelphia 3, 
Pa.) 

9-12. Medical Education and Licensure, 
53rd annual cong., Chicago, Ill. (E. L. 
Turner, American Medical Assoc., 535 N. 
Dearborn St., Chicago 10.) 

10-12. Canadian Ceramic Soc., 55th 
annual, Niagara Falls, Ont., Canada. (L. 
C. Keith, 49 Turner Road, Toronto, 
Ont.) 


14, Present Status of Heart Sound Pro- 
duction and Recording, symp., Buffalo, 
N.Y. (R. M. Kohn, Univ. of Buffalo, 2183 
Main Street, Buffalo 14, N.Y.) 

14. Significance of Nucleic Acid De- 
rivatives in Nutrition, Assoc. of Vitamin 
Chemists, Chicago, Ill. (M. Freed, Dawe’s 
Laboratories, Inc., 4800 S. Richmond St., 
Chicago 32.) 

14-15. Transistor Circuits, conf., Phila- 
delphia, Pa., (G. H. Royer, Westinghouse 
Electric Corp., 356 Collins Ave., Pitts- 
burgh 6, Pa.) 

15-16. National Soc. of Professional 
Engineers, Charleston, $.C. (P. H. Rob- 
bins, 2029 K St., NW, Washington 6.) 

15-17. National Assoc. for Research in 
Science Teaching, annual, Atlantic City, 
N.J. (C. M. Pruitt, Univ. of Tampa, 
Tampa, Fla.) 


GOOD CHEMISTS DESERVE GOOD WEIGHTS, TOO...for accuracy with less 
time and trouble. You have a choice of Rhodium plated bronze, Brunton Metal, 
or stainless steel Ainsworth weights. Classes M, S and S-1. 


SEE YOUR LABORATORY SUPPLY SALESMAN OR WRITE FOR CATALOG 


18-20. American Educational Research 
Assoc., annual, Atlantic City, N.J. (F. W. 
Hubbard, AERA, 1201 16 St. NW, 
Washington 6.) 

18-22. American Soc. of Civil Engi- 
neers, Jackson, Miss. (W. H. Wisely, 
ASCE, 33 W. 39 St., New York 18.) 

18-22. Endocrinology: Hormones in 
Blood, Ciba Found. Colloq. (by invita- 
tion), London, England. (G. E. W. Wol- 
stenholme, 41 Portland Place, London, 

21-23. National Soc. of College Teach- 
ers of Education, annual, Chicago, Ill. (C. 
A. Eggertsen, School of Education, Univ. 
of Michigan, Ann Arbor.) 

23. American Mathematical Soc., New 
Haven, Conn. (J. H. Curtiss, AMS, 190 
Hope St., Providence 6, R.I.) 

23. Oregon Acad. of Science, annual, 
Monmouth. (F. A. Gilfillan, Oregon State 
College, Corvallis. ) 

24-28. American Inst. of Mining, 
Metallurgical and Petroleum Engineers, 
annual, New Orleans, La. (E. O. Kirk- 
endall, AIME, 29 W. 39 St., New York 
18.) 

24-28. International College of Sur- 
geons, 10th biennial cong., Mexico, D.F., 
Mexico. (M. Thorek, ICS, 850 W. Irving 
Park Rd., Chicago 13, Ill.) 

25-28. American Soc. of Heating and 
Air-Conditioning Engineers, Chicago, II. 
(A. V. Hutchinson, ASHAE, 62 Worth 
St., New York 13.) 

26-28. Western Joint Computer Conf., 
Los Angeles, Calif. (M. J. Mendelson, 
Norden-Ketay Corp., 13210 Crenshaw 
Blvd., Gardena, Calif.) 


March 


1-2, American Physical Soc., Norman, 
Okla. (K. K. Darrow, Columbia Univ., 
New York 27.) 

1-3. National Wildlife Federation, an- 
nual, Washington, D.C. (C. H. Callison, 
232 Carroll St., NW, Washington 12.) 

3-6. American Inst. of Chemical En- 
gineers, White Sulphur Springs, W.Va. 
(F. J. Van Antwerpen, AIChE, 25 W. 45 
St., New York 36.) 

3-9. American Soc. of Photogrammetry, 
23rd annual, joint with American Cong. 
on Surveying and Mapping, 17th annual, 
Washington, D.C. (C. E. Palmer, ASP, 
1515 Massachusetts Ave., NW, Washing- 
ton 5.) 

4. Wildlife Soc., annual, Washington, 
D.C. (D. L. Leedy, Fish and Wildlife 
Service, Dept. of the Interior, Washington 
25.) 

4-6. National Biophysics Conf., Colum- 
bus, Ohio. (H. P. Schwan, School of Med- 
icine, Univ. of Pennsylvania, Philadelphia 
4.) 

4-8. Analytical Chemistry and Applied 
Spectroscopy, Pittsburgh, Pa. (L. M. Mel- 
nick, U.S. Steel Corp., Applied Research 
Lab., Monroeville, Pa.) 

7-9. Fundamental Cancer Research, 
11th annual symp., Houston, Tex. (L. 
Dmochowski, M. D. Anderson Hospital, 
Texas Medical Center, Houston 25.) 

7-9. Optical Soc. of America, semian- 
nual, New York, N.Y. (S. S. Ballard, 
Scripps Inst. of Oceanography, San Diego 
52, Calif. ) 


(See issue of 21 December for comprehensive list) 
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Human freedom didn’t 
come ready-made 


The Biological 


Basis of Human 
Freedom 


THEODOSI US DOBZHANSKY 


This eminent authority, author of 
Genetics and the Origin of Species 
(“the best book on these subjects 
ever written.”—Science), here de- 
clares that we cannot rely on genes 
or on natural selection to guarantee 
that man will always choose the right 
direction of his evolution. Affirming 
man’s unique dignity in the scheme 
of life, Professor Dobzhansky shows 
how and why our biological heritage 
has given man alone the freedom and 
knowledge essential to determine his 
own future through his choice of 
conduct in today’s scientific world. 
“Fine reading for the general reader 
and student.”—Library Journal $2.95 


+ 


Twenty Million Women 
Can’t Be Wrong! 


Womanpower 


A Statement by the National 
Manpower Council, Columbia 
University 

Twenty million women augment this 
country’s working force today. Here 
are facts about the working woman’s 
tremendous influence on everything 
American, from family life to the 
national economy . . . plus practical 
suggestions for putting womanpower 


to even more effective use. $5.00 
Now... 
Read the Facts About 


The Negro 
Potential 


By ELI GINZBERG, Director, 
Conservation of Human Re- 
sources Project, Columbia Uni- 
versity, and Associates 

Here, at last, is the long-awaited Co- 
lumbia Report on the progress of 
American Negroes in business and 
education since 1940, and on the 
remarkable transformation resulting 
from integration in the Armed 
Forces. Valuable statistical tables 
round out this timely study. $3.00 


Order from your bookseller today 


COLUMBIA: 
UNIVERSITY PRESS 


New York 27 
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EQUIPMENT NEWS 


All inquiries concerning items listed 
here should be addressed to Science, 
Room 604, 11 W. 42 St., New York 36, 
N.Y. Include the name(s) of the manu- 
facturer(s) and the department num- 
ber(s). 


"CENTRIFUGE operates at speeds from 
1200 to 4500 rev/min at forces from 290 
to 3200 g. The unit, which has inter- 
changeable heads, has capacity for 15-, 
50-, and 100-ml tubes, 250-ml bottles, 
and 3-lit flasks. Storage space for extra 
heads, shields, and trunnion rings is pro- 
vided. (International Equipment Co., 
Dept. S118) 


™ SURFACE PROJECTOR, designed as a self- 
contained, portable projection magnifier, 
is suited for inspection and examination 
of relatively flat objects and small parts, 
imprinted circuits, fine print of small- 
scale drawings, and similar applications. 
The viewing screen measures 4.5 by 12 
in. (American Optical Co., Dept. S120) 


™ MICROTOME KNIFE SHARPENER provides 
automatic honing and stropping. The 
hone or strop is mounted on a recipro- 
cating carriage. The knife, which turns 
over after each stroke, is held by a spring 
clamp attached to the pivot shaft, which 
may be raised or lowered to change the 
sharpening angle. Pressure is controlled 
by leather belts with spring tension. (Lip- 
shaw Manufacturing Co., Dept. $121) 


® PETRI DISHES containing ready-to-streak 
culture media are packed in sterile poly- 
ethylene bags. Nine different culture 
media used in routine bacteriology and 
mycology are currently available. The 
dishes are disposable. (Hyland Labora- 
tories, Dept. $122) 


CATALOG OF SILICONES describes ap- 
proximately silicone products, 
grouped according to usage. (Dow Corn- 
ing Corp., Dept. $123) 


@IMPULSE MAGNETIZER generates a field 
intensity of up to 500,000 gauss. The 
unit, which has a maximum line demand 
of 6.6 kva, produces peak impulses of 
1500 kva up to 50 msec in duration. 
(Raytheon Manufacturing Co., Dept. 
$130) 


“ELECTRON MICROSCOPES are described 
in a new brochure. The electron optical 
system, pumping unit, electronic cir- 
cuits, condenser, aperture, beam wob- 
bler, objective lens, and astigmator, as 
well as other components, are described 
in the illustrated booklet. Operating con- 
trols and various cameras that can be 
used with the instruments are also cov- 
ered. (North American Philips Co., Inc., 
Dept. $133) 


PRECISELY AS YOU 
WANT IT 


The Niagara Controlled 
Humidity Method using 
HYGROL Moisture- 
Absorbent Liquid 


is best and most effective be- 
cause...it removes moisture as a 
separate function from cooling 
or heating and so gives a precise 
result constantly and always. 
Niagara machines using liquid 
contact means of drying air have 
given over 20 years of service. 


Most reliable because...the ab- 
sorbent is continuously recon- 
centrated automatically. No 
moisture-sensitive instruments 
are required to control your con- 
ditions. 

Most flexible because... you 
can obtain any condition at will 
and hold it as long as you wish 
in either continuous production, 
testing or storage. 


Inexpensive to operate be- 
cause...no re-heat is needed to 
obtain the relative humidity you 
wish in normal temperature 
ranges and frequently no refrig- 
eration is used to remove moist- 
ure. 

Write for full information; ask for Bulle- 

tins 112 and 121. Address Dept. SC. 


| 
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405 Lexington Ave., New York 17, N.Y. 
District Engineers 
in Principal Cities of U. S. and Canada 


‘NIAGARA BLOWER COMPANY 


ly, 
in 
TS, 
rk- | 
rk 
ir- 
F., 
ng 
nd 
‘th 
yn, 
in, ; 
n- 
mn, 
n- 
45 
‘Ys 
al, 
g- 
n, 
fe 
Qn 
n- 
d- 
ia 
| 
h, 
L. 
il, | 
| 
30 | 
t) | 
25 = 


CELLULAR 
MECHANISMS IN 
DIFFERENTIATION 

AND GROWTH 


Edited by 
Dorothea Rudnick 


Here are the latest ad- 
vances in the study of cells 
as presented at the four- 
teenth symposium of the 
Society for the Study of 
Development and Growth. 
Eleven papers investigate 


a wide range of cellular ac- 
tivities at various levels of 
plant and animal life and 
examine new tools and 
methods used in this re- 
search. 


240 pages, with plates &9 
diagrams. $7.50 


order from your bookstore, or 


PRINCETON 
UNIVERSITY PRESS, 
Princeton, N. J. 


Applications are invited for 
two appointments to the 
Department of Physics, 
The University of Mani- 
toba, Winnipeg, Manitoba, 
Canada. One appointment 
will be to a Professorship, 
preferably in Nuclear 
Physics, though other areas 
of specialization will be 
considered, with a salary of 
$7000 and up depending on 
qualifications and experi- 
ence. The other will be to 
an Associate Professorship, 
with a salary of $6000 to 
$7000, depending on quali- 
fications and experience. 
The University has a pen- 
sion plan and group insur- 
ance. Apply to Dean of 
Arts and Science including 
full information as to quali- 
fications and experience and 
three regent letters of refer- 
ence. 


PERSONNEL PLACEMENT—— 


CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 

13 times in 1 year 21.00 per inch 

26 times in 1 year 20.00 per inch 

52 times in 1 year 19.00 per inch 

For PROOFS on display ads, copy must 

reach SCIENCE 4 weeks before date 
of issue (Friday of every week) 


POSITIONS WANTED) 


Biochemist-Food Scientist, Ph.D. Established 
academic and research reputation; fluent writer 
and speaker. Seeks challenging leadership op- 
portunity, academic, institutional, or industrial. 
Box 11, SCIENCE. 1/18, 25 


M.S. Sabbatical 
leave, 1957-1958. Desires research or teaching 
assistantship and opportunity for study. Box 
12, SCIENCE. x 


Research Administrator is available; Ph.D. (ma- 
jor, organic chemistry; minors, pharmacology 
and toxicology); broad experience as director of 
research and development. Medical Bureau, Bur- 
neice Larson, Director, 900 North Michigan 
Avenue, Chicago. x 


Zoologist, Ph.D., 29; teaching and research ex- 
perience. Desires academic position, Box 14, 
SCIENCE, 


Postr10Ns OPEN 


Biochemical Research Assistantships. Immediate, 
and July or September; $4000 per year. Protein 
fractionation and enzyme studies in heart disease 
research project. Research applicable toward 
degree. Opportunity to participate in teaching 
program. San Francisco ee area. Send complete 
résumé. Box 13, SCIE 


Chemist, M.S. or equivalent in organic (medi- 
cinal) chemistry with experience or training in 
botany to assist in evaluation of scientific data 
concerning natural products. Eastern pharma- 
ceutical manufacturer offers spay benefits. Send 
complete résumé. Box 4, SCIENCE. 1/1 


Chemist, M.S. or equivalent in organic (medi- 
cinal) chemistry with strong background in 
biology to assist in evaluation of scientific data 
for research activities of an eastern pharmaceu- 
tical firm. Liberal benefits. Send complete 
résumé. Box 3, SCIENCE. 1/18 


Librarian-Scientific; degree in library science or 
equivalent with training and/or experience in 
biology or chemistry to administer the functions 
of a pharmaceutical/medical library. Personality 
suitable to personal contact. Eastern manufac- 
turer. Liberal benefits. Send complete résumé. 
Box 5, SCIENCE 1/1 


(a) Medical Director; newly created position; 
company founded in 1892; fine reputation as 
ethical pharmaceutical company; program of 
rapid expansion; physician with wide experience 
in pharmaceutical industry, able administrator 
required; East. (b) Biochemist, Ph.D., to head 
department, 400-bed general hospital ; “university 
city, South. (c) Assistant Professors in chemis- 
try, mathematics, or physics; state university, 
resort city, South; $5000. (d) Pharmaceutical 
Chemist to take charge of control laboratory and 
new product division and bacteriologist to assist 
in division of research, new product develop- 
ment; salaries open ranging $6000-$8000; Mid- 
west. (e) Director of Pharmaceutical Research 
and Development Program; duties include serv- 
ing as consultant to top management ; minimum 
$12, 000—$14,000; university city, Midwest. S1-1 
Medical Bureau, Burneice Larson, Director, 900 
North Michigan, Chicago. 4 


OPEN 


(a) Medical Director to serve as top man in 
product development ; experience required ; — 
ical background desi rable; Midwest, $12,0 
$15,000. (b) Chemist or Biochemist; medical 
school research department; present projects in- 
volve research on steroids, hormones; if Ph. 
to $8000; West. (c) Biochemist, Ph.D. or 
a, experienced with enzyme chemistry, to di- 
rect medicochemical laboratory, 600-bed teachin 
hospital; university medical center; East. 
Male Clinical Psychologist; hospital and guid- 
ance clinic; California. (e) ‘Biochemist and ac- 
teriologist; supervisory positions; new depart- 
ment, 350-bed hospital; near Chicago; gto 
$7500 and $5400-$6600, respectively. S1-2 Medi- 
cal Bureau, Burneice Larson, Director, 900 
North Michigan, Chicago. a 


Microbiologist, B.S. or M.S, Full-time research 
position, microbial Physiology. North- 
east. $4800 up. Box 8, SCI xX 


Pharmacologist (Junior), Leading and growing 
pharmaceutical concern located in northern New 
Jersey offers challenging opportunity in research 
pharmacology for a junior pharmacologist. To 
assist in big J and development of new medi- 
cinal agents. Should be a college graduate with 
some previous industrial experience. Please in- 
clude in letter of application educational back- 
ground, experience, age, and salary desired. Box 
9, SCIENCE, 


Ph.D.’s Full-time, needed to head departments 
of biochemistry, radiophysics (radioisotopes), 
bacteriology-virology, for immediate placement 
on research staff. Contact Department of Re- 
search, New York Eye and Ear Infirmary, 218 
Second Avenue, New York 3, N. Y.,Telephone: 
OR 4-6760. x 


Plant Physiologist, Ph.D. Experience in ges 
desirable. Research and college 

uate and undergraduate levels. gad 


POSITIONS DEGREES IN 
MEDICINE OR SCIENCE: (a) Research 
Chemists; chemistry majors for appointments 
as research assistants to scientists working new 
psychiatric research institute ; nonroutine posi- 
tions, excellent opportunity for graduate study, 
acquisition new technics; to $4800 ;: midwestern 
university medical school. (b) Bacteriologist ; 
full charge of department, well-equipped section ; 
400-bed general hospital; to $5000; lovely Cali- 
fornia city. (c) Biochemist ; complete charge of 
laboratory; pathology department under direc- 
tion of outstanding M.D.; 150-bed closed staff 
hospital, affiliated, well-established 10-man clinic; 
exceptional facilities, working conditions; mid- 
eastern university center. oodward Medical 
Personnel Bureau, 185 North Wabash, Chics, 


Research Scientist to collaborate in urological 
applications of ultrasound. Capacity for thought- 
ful independent investigation with broad me- 
chanical aptitudes at Columbia Medical School. 
Available now. Box 10, SCIENCE. 1/18 


Teaching and Research Assistantships available, 
providing partial or complete support during 
graduate program. Gross anatomy course to 

offered this summer is open to graduate. students 
and undergraduate students past junior yd 
and will provide basic training for 

those otherwise unprepared. Inquire Dr. aul 
G. Roofe, Chairman, Department of Anatomy, 
University of Kansas, Lawrence. 1/18, 25 


Teaching and Research Positions, Ph.D., at 
large midwestern Catholic university in verte- 
brate zoology, invertebrate zoology, embryology, 
and physiology. Academic rank and salary com- 
mensurate with qualifications. New chairman to 
be selected. All a ce held in strict con- 
fidence. Box 6, S NCE, 1/18, 28; 2/1,.8 


Fellowships for Graduate Training in Pharma- 
cology providing waiver of tuition and an an- 
nual stipend of $1200 to $2000. Inquire Depart- 
ment of Pharmacology, University of Tennessee 
Medical Units, Memphis, Tennessee. xX 
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—The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a_ charge 
account basis—provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 


13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


lili BOOKS AND MAGAZINES | 


a. Sets and runs, foreign 


SCIENTIFIC and domestic, Entire 


PERIODICALS libraries and smaller 


and BOOKS collections wanted. 


WALTER J. JOHNSON, INC. 
111 Fifth Avenue, New York 3, New York 


Your sets and files of 
scientific journals 


‘are needed by our library and institutional cus- 


tomers. Please send us lists and description of 
signs ti files you are willing to sell at high mar- 
et Write Dept. A3S, S. CANNER; Inc. 
Boston 19, Massachusetts 


i PROFESSIONAL SERVICES 


Project Consultation and Pro- 
vent @ duction Control Services in 
restarch Biochemistry, Chemistry, Bacteri- 
FOUNDATIONH ology, Toxicology — Insecticide 
Testing — Flavor Evaluation. 
WRITE FOR PRICE SCHEDULE 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2217-V * MADISON 1, WISCONSIN 


TO AUTHORS 


seeking a publisher 


Learn how we can publish, promote and distribute your 
book on a professional, dignified basis. All subjects con- 
sidered. Scholarly and scientific works a specialty. Many 
successes, one a best seller. Write for booklet SC—it's free. 
VANTAGE PRESS Inc. @ 120 W. 31 St., N.Y. 1 
In big 6253 Hollywood Blud., Hollywood 28 
In Wash., D.C.: 1010 Vermont Ave. . NW 


FOOD RESEARCH 


ul LABORATORIES, INC. 


Founded 1922 


RESEARCH 
CONSULTATION 
Toxtcological Studies 


48-14 33rd STREET, LONG ISLAND CITY 9, f. ¥. 
“What's flew in Food and Drug Research” available oo lefterhead sequest. 


LaWall & Harrisson 


Div. S, 1921 Walnut St. Philadelphia 3, Pa. 


SINCE 870 


Food & Drug PROBLEMS 


BACTERIOLOGICAL 


Pharmacological 


11 JANUARY 1957 


One of a line of labora- 
tory-tested PALO Stirrers. Inex- 
thoroughly reliable, 
suitable for most laboratory 
stirring operations. 


Write for Bulletin X-1. 


PALO LABORATORY SUPPLIES. Inc. 


Reade St., New York 


“From the hand of 
the veterinarian 
to research” 


e * 
albino rats 

*Descendants of the 


Sprague-Dawley and 
Wistar 


HENRY L. FOSTER, D.V.M. 


President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass 


ACTH * Growth 
* Gonadotropins 
Estrogens * Androgens 
Corticoids * Progesterone 
Others 
HYPOPHYSECTOMIZED 


RATS 
CUSTOM ENDOCRINE 
SERVICES 


Write for details 


ENDOCRINE LABORATORIES 
OF MADISON, INC. - 


5001 W. Beltline Highway * Madison. Wis 


6-MERCAPTO 
PURINE 


and other tagged compounds 
OF HIGH RADIOPURITY 


SPECIALTIES 
ISOTOPES company INC. 
wee? 703 S. Main St. Burbank, Calif. 


14 


ULTRAMICRO 


ELECTROCHROMATOGRAPHY 


KARLER-KIRK UNIT 
... WRITE FOR DATA —> 


MIGROGHEMICAL SPECIALTIES C0. 


MICE 


Swiss Webster C-57 Black 
C3H Agouti AKR Albino 
Millerton Research Farm Inc. 
Millerton, N.Y. Phone 219 


MICROSCOPES 
SCIENTIFIC INSTRUMENTS 
NEW AND USED 
WE BUY, SELL & TRADE 
Write us what you need and what you 
want to dispose of. 
THE TECHNICAL INSTRUMENT CO. 
122 Golden Gate Ave., San Francisco 2, Calif. 


{oMotte 


Water Soluble pH Indicators 
Highly Purified 
Instantly Soluble 
No mixing — No waiting 


Send for LaMotte Catalog 


Chemical Controls for: 
pH, Chlorine, Phosphates 
and Polyphosphates, etc. 


LaMotte Chemical Prod. Co. 
Dept. H, Chestertown, Md. 


POLARIMETER TUBES & 


ETR 
TEMPERATURE, CONTINUOUS 
FLOW & TESTS 
Write for List PT-14 
0. C. RUDOLPH & SONS 
Optical Research & 
CALDWELL, N. J. 


Manufacturers 
Contr 
P.O. BOX 446 


e HYPOPHYSECTOMIZED RATS 
Shi to all points via Air Express 
or further information write 
HORMONE ASSAY LABORATORI 
8159 South Spaulding Ave., Chicago 


SUPPLIES AND EQUIPMENT | SUPPLIES AND EQUIPMENT 
SSAY 
. LABORATORY HORMONE A 
7 STIRRER Model +7605 
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GLASS ABSORPTION 
CELLS KLEIT 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


Disposable 


Piastic Trays for Laboratory Titrations 


Serological — Chemical — Microbiological 


Used in Place of Test Tubes! 


~ Model 96 WS, White 
Model 96 CV, Clear 


DISPOSO-TRAYS eliminate washing test tubes, the need for 
valuable space, the need for rubber stoppers and the problem of 
disposing of contaminated equipment. DISPOSO-TRAYS are used 
in the same manner as a rack of test tubes in assaying virus, 


measuring antibodies in tissue culture, serial dilutions and many 


types of spot tests. 


LINBRO CHEMICAL CO. 


681 DIXWELL AVE., NEW HAVEN 11, CONN. 


VENOMS 


Edited by: Eleanor E. Buckley, Medical Department, 
Wyeth Laboratories; and Nandor Porges, Eastern Re- 
gional Research Laboratory of the U.S. Department of 
Agriculture, Philadelphia, Pennsylvania. 


6 x 9 inches, 480 pages, 113 illustrations, index, clothbound, 1956. 
Price $9.50. AAAS Members’ prepaid order price $8.25. 
A symposium volume of the American Association 
for the Advancement of Science. 


The more than sixty scientific papers included in this 
volume were presented at the first International Con- 
ference on Venoms during the AAAS Meeting in Berke- 
ley, California. The authorship spans the globe, and the 
coverage of all aspects of the problem is equally compre- 
hensive. 


E. R. Trethewie of Australia reports experimental 
studies on certain pharmacological antagonists used in an 
effort to prolong life, providing more time for therapeutic 
measures. B. W. Halstead of the College of Medical 
Evangelists in California covers present knowledge on 
poisonous fishes. H. A. Reid of Malaya describes clinical 
effects of the bite of the sea snake (Enhydrina schistosa) 
in three fatal cases. Giovanni Favilli of the University 
of Bologna, Italy, discusses spreading factors in animal 
parasites and venoms, and some properties of hyaluroni- 
dase. The last subject is also covered by Paul Boquet, of 
the Institut Pasteur, in Paris. B. R. Criley and associates, 
of the Wyeth Laboratories, Marietta, Pennsylvania, 
describe the development and standardization of a multi- 
valent refined antivenom for the family Crotalidae. The 
final article by H. L. Keegan of the U.S. Army Medical 
Corps presents an invaluable list of all known anti- 
venins available throughout the world for all types of 
poisonous bites, with information on producers, sources, 
indications, dosages, and other details. The random se- 
lection is only a small sample of the wealth of valuable 
material by outstanding world authorities. 


This book covers: poisonous fishes and marine or- 
ganisms, many species of venomous snakes, the Gila mon- 
ster, toads, scorpions, spiders, caterpillars, wasps and 
other venom-bearing insects; hyaluronidase-like sub- 
stances and other spreading factors in venoms; various 
chemical components of venoms, coagulant and _anti- 
coagulant factors, antigenic principles; various experi- 
mental and suggested clinical uses of venoms; clinical 
considerations such as mortality rates in various localities 
throughout the world; and treatment of many kinds of 
envenomation (by snakes, scorpions, spiders and other 
organisms). Included are new developments in sero- 
therapy and types of supplementary medication (as cor- 
tisone, ACTH, antihistamines). The dangers of refrigera- 
tion for treatment of envenomation are discussed. 


Physicians, pharmacologists, chemists, and zoologists 
will all find this volume an invaluable reference. 


British Agents — Bailey Bros. & Swinfen, Ltd., 
46 St. Giles High Street, London, WC2. 


AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


1515 Massachusetts Avenue, N.W., 
Washington 5, D.C. 
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One tip 


gives you 
every flame 


you need 


CENCO GIANT BLAST BURNER 
for working high temperature glass 


No. 11247 $139.00 


This improved gas burner provides the high efficiency 5 Unique tip combines surface and jet combustion 

and convenience necessary for the working of ‘“Pyrex”’ 6 No additional tips, sleeves or orifices needed 

Brand and other high temperature glasses. Here are 8 7 leak-proof valves 

reasons why: 8 Sure-grip insulated levers provide individual control of each 

1 re) erates on any commercial gas and ox en ieee 

2 Cenco Giant Blast Burners are used and approved 

3 One tip provides range of flame shapes from needle point in hundreds of plants and laboratories where efficiency 
pea and dependability are essential. 

4 fully adjustable from low annealing to high quartz fusing For complete information on this and other Cenco 
tonpureeines laboratory burners, write for Bulletin No. 20. 


Central Scientific Company 


1718-MIRVING PARK ROAD, CHICAGO 13, ILLINOIS 
BRANCHES AND OFFICES—CHICAGO NEWARK BOSTON BIRMINGHAM e DETROIT « 


SANTA CLARA e LOS ANGELES ¢ REFINERY SUPPLY COMPANY—TULSA « HOUSTON 
CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO MONTREAL VANCOUVER OTTAWA 


wis \ 
| 
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Pb Warehouse and offices now com- 
bined 


» More conveyors, more pneumatic 
tubes, more loading docks 


» More space for technology, devel- 
opment, inspection, service and 
repairs 


ENLARGED AND IMPROVED FACILITIES 


Secauce ...,"More and more liaboratories Rely on THOMAS,” 


enlarged and improved facilities became necessary 


We have moved into our seven-story build- 
ing at the Southwest Corner of 3rd & Vine 
Streets, Philadelphia. Here are stored stocks 
of three to six months’ supplies of the 
22,000 items listed in our current Catalogue 
and Supplement. 


At the moment, space of more than 145,000 
sq. ft. is available, with additional space to 
be added later. 


Additional pneumatic tube systems, con- 
veyors between various floors, etc., have been 
installed to increase speed in handling orders. 
Eight loading docks speed the handling of 
shipments. 


Increased space has been alletted to our 
growing Technology and Development de- 


partment, to Inspection and Calibration, and 
to Servicing and Repair sections. 


This new site in historic downtown Phila- 
delphia was selected to maintain our avail- 
ability to the many scientific institutions of 
this city and at the same time retain the ad- 
vantages of a major national railhead for 
freight and motor transportation, and of 
international seaport and airport facilities 
for service to our customers throughout the 
free world. 


We are grateful to our customers for their 
confidence in us for more than half a century. 
With our improved facilities, we are now pre- 
pared to offer even better “‘Quality and Service’’ 
than heretofore. 


New address: Vine Street at Third, P. O. Box 779, Philadelphia 5, Pa. 
Telephone MA 7-5600, Teletype Western Union WUX and Bell System TWX PH-72. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Laboratory Apparatus and Reagents 


P.O. BOX 779 ¢ PHILADELPHIA 5, PA. 
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